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INTMDBCmION:- 
it is fascinating to observe that in the history of 
scientific achievement, the advencement of knowledge within one 
discipline has intariably been assistea by a cotaparable advancement 
in other discirlines, The identificatisn of bacterial organisms in 
infectious direnses by Koch and his students, could not have &dvanosd 
so dramatically without the Lia of a simultaneous asIvanes In the 
knowledge about aniline dyes and optical instruments. 
In the demonstration of A and B isoagglutinins in the 
serum o au by Lardsteiner (1900), his work must have benefited 
from the knowledge already gained in the study of immunity to 
bacterial orgsnisms. This knowledge stemmed fron the outstanding 
work by the bncteriologdsts of the last century, auch as Pasteur, 
then Nuttall, von Behring and Eitasate and finally fssrdet. 
At the same time es Landsteiner's diseovsry of human blood 
grnups, the principles of Mendelian geneti s were rediscovered oy 
three independent observers, namely de Vries, 0onceas _nd Tschermak. 
Their discoveries soon found application in to inheritance studies 
of human blood groups by Epstein and Ottonberg (1908), also von 
Dungern and Hirssfeld (1910). At thst time biologists and students 
of Darwinism had generally accented that variability oxisted within 
organisms, and were Aware that even -Ian showed certain uniqueness in 
colour, shape and aptitudes. The discover' of blood groups in man, 
however, WW1 the ftrst demonstration, that this umitiuness eztended 
beyond the confines of physiognomy and mental attributes. 
The / 
The exposition of variability between the cells of differ- 
ent individuels arose from the knowledge of immunity and technical 
demonstration of the antibody response. The first demonstration of 
chemical individuality in man, however, was shown by Garrod (1902) 
in his study of "inborn errors of metabolism", such as the condition 
of alkaptonuria. This observation followed very closely on the 
heels of the blood croup discovery, and was subsequently shown to be 
the first example of recessive inheritance to be recognised in men. 
Since the beginning of the century, the knowledge of 
Variability in maw species has prowl, or several fronts. First, 
through the application of old and new immunoloaical techniques; 
secondly through the oonsidereble advance in biochemical knonledge, 
and finally through the expert; guidance of men like Fisher and. 
Haldane, in the application of atetistical methods to genetic analy 
Thus, the advances in the study of inherited difference gained from 
the knowledge of the immunoloeist and geneticist in the beginning, 
hen within the last decade been given fresh impetus by the work of 
biochemists. It is interest irg to redord a passege from Putnam in 
the book on °Plasma Proteins', in which he states, "Indeed, it has 
been said to be startlino to immunologists, that the first elear-out 
evidence for hereditery serum protein groups in normal humans came 
from elecerophoretio rather than aerological methods". This advance 
has once again amalgamated disciplines, and has brought knowledge to 
a new front with the study of immunoelectrophoresis, These 
discoveries have also coincided with the establishment of the basic 
chemical formula of deoxyribonucleic acid by Watson and Crick (1953), 
and that this compound and genes are synonymous.. Perhaps within 
other. &en-4e or mere, the present knowledge of variability will 
tend beyond test-tubes, eleotrophoretio techniques and arbitrary 
enes / 
genes to the basic arrangement of phosphoric acid, pentose and 
purines. 
At this stage in our knowledge, it is g:morally agreed 
that the blood group -characters on the erythrocytes of man and 
animals and the different serum proteins and groups should all be 
classified as gene markers, or blood groups. This view is held by 
Race and Sanger (1959) who-introduced a paper on the subject of 
'ne inheritance of blood groups with this statement""Blood groups", 
in a broader sense could nowadays include not only the differences 
due to the antigens of red calls, white cells and platelets, but 
also the distinctions made by the various haemoLbizas1 haptoglobins 
and Gm serum group," 
Tho knowledge and value of blood groups iu mau has been 
manifest in clinical transfusion, and in solutions to medicolegal 
Problems of disputed parentage, and foreAsic medicine. They have 
also been applied in anthropoloical studies. In domestic animals, 
however, the knowledge of blood groups has not found comparable 
bereft in application to clinical transfusion, but has in solving 
problems of parentage. It has also found application in the 
detection of heterosis in highly inbred lie b of chickens (Braes, 
1953 ,1-1(1 Gilmour, 1954), and in helping to distinguish two egg from 
one egg twius in cattle. With the advent of progeny testing of 
piga on a national scale in this country, the necessity for a 
systematic study of hel-itable characters such as nblood groups" 
seemed essential in thic species. In this respect it could be 
pplied as an independent check on pedigree registrations, and to 
ther fields of interest, such as heterozygous advantage and linkage 
with produation characters. The dissertation presented for examina. 
ion describes the applioation of immunologioal, aerological and 
biophysical i 
biophysioal techniques to the discovery and characterisation of 
"blood groups" in the pig. The independenoe voa interrelationship 
of these groups has also been investigatod wad is ascussed. 
PART I - IMMUNOLOGICAL STUDY 
REV' V 0° I AuRE 
There appear to have been three main approaches to the 
subject of pig blood. groups. The earlier workers seem to have 
been influer sed by Lendsteiner's work on the A and B isoa glutinir:s 
in human sera (1900). The first recorded investigation was fifty 
years ago by Fishbein (1913), who looked at the natural. isoaggluti - 
in in 60 pig sera. He showed that the red cells of some pigs 
were agglutinated by sera from other pigs. Although isoagglutina- 
tion was extensive, no positive grouping could be made. His work 
was confirmed by Weaseezky (1920), who looked at the sera obtained 
from 11 pips at the time of, slaughter. 
The first definite classification along these lines was 
made by Szym.n.owski and . oo- workers (0926). Or examining blood 
samples from the slaughterhouse, they came to the conclusion that 
there were three blood groups distinguishable in pis on the basis 
of combinations of a blood cß;11 antigen, and the antibody ac ein; 
against it. The erythrocytes roc of pigs belonging to the first r oup 
had an i soantigeï they called A, but there were no is oantib odi e s in 
their sera (Aa). On the red cells of the Second group (Oa), there 
were no isoantigens, but their sera cort ained isoantibody against 
antigen A occurring in the first group. The third group of animals 
had ucither isoantii;en or i.soantibody, and were called group 0. 
Similar type groupings were confirmed by Kayser (1929). At the same 
time Szyraanowski et al. (1926) and Kaempffer (1932a) compared the 
A. antigen on the erythrocytes of pigs with the isoantigens of humans. 
They found it to be very similar to the A isoantigen in man, for 
with human A red cells it was possible to absorb a large portion of 
the / 
the antibodies from pig sera containing antieA. The other human 
erythrocytcs of group P and dia not give similer results. The 
last mentioned worker (Keempffer, 1932a), also eetablished that the 
A. fecter was inherited as a dominent character. Later in 1927, 
Seymenorski and Tachler showed that the A factor had serologioal 
similarities to the t factor in sheep. The latter is now known as 
the R substance. 
In the first paper, Szymanawski et al. (1926) also 
Indicated the occurrence of normal antibodies with reactions other 
than anti-A. This observation was confirmed by Kaempffer (1932b) 
who by means of absorption was able to isolate a natural antibody 
different from antieA. 
The Investigation for normal isoaggiutinins was continued 
by Ferat (1937), who found that the classificatLon was not es sieple 
as the three groups given by Szymanowski, but he failed to establish 
a system. It was not until 1950, that Kuhns described four distinct 
normal anelutinins n pig sera. He called them P1, P2, P3 end. P4 
and assumed the existence of 14 blood group eonbinations. The 
occurrence of at least four different normal antibodies was confirme& 
by Eyquem (1953). In the :lent year, Szent-Ivanyi and Szabo (1950 
described in greater detail by absorption techniques, the existence 
of four normally occurring agglutinins. They established the 
frequency of four antigens and antibodies as follows:- 
Antiens Aatikatt 
A 47.8% anti a 9.6% 
B 22.7% anti b 10.14 
C 8.2% anti o 0.4% 
D 26.5% anti d. 8.0 
0 15.1% Type 0 (no antibody or antigen) 67.0% 
In 
/n their parer, they state that Immunised pies were not 
usea for this ±rr esti, at .on. They also established a serological 
rele.tionship between their anti A and hum.en anti -A. It is believed 
that the other three antibodies they isolated are no longer in 
existence, ana little or no work has been ?one since then to confirm 
or reject the existence of normal antibodies other than anti -A. 
The first indication of a new approach to the subject was 
given by Szymanovski and lachler (1926), who observed that serve. 
from pies vaccinated against swine fever oec? sionel.ly contained anti - 
bo .ies which ag4utinated pig red cells other than tyre A. They 
concluded that as the vaccine was prepared from pooled pigs' blood, 
that type © blood was antigenic and capable of producing; antibody if 
injected into a sti.table recipient of the sante species. 
It was not until 194.9, that Bruner et al. c ?ernonstretea 
that experimental i_soimruni.sation of pregnant sows rith blood from 
the mated boar could produce haemolytic disease of their newborn 
piglets. This was followed quickly by reports of clinical cases of 
haemolytic disease in piglets by Kershaw (1950), then by Szent- Ivanyi 
and Szabo (1953); Buxton and Brooksbank (1953); Doll and Brown 
(195L) and Ne vrberne (1 957) . The report by Buxton and Bro eksbank 
stimulated the interest of Coombs, who helped to diagnose the 
condition by demonstrating antibody coating on the red cells of 
haemolytic piglets by using the direct antiglobulin sensitisation 
test. The findings were summarised in a paper by Buxton, Broakshark 
and Coombs (1955), in which it was mentioned that the one important 
factor involved was the injection of animals with crystal violet 
accine . 
The j 
The wourrence of haemolytio disease initiated a wide 
acale investigation of pig blood Groups by the Cambridge workers. 
IA the it paper by Saieou, Goedalai and Cooas (1955) on the 
detection of the natural eocurriag A isoantibody by the antialobulin 
test, it was au,-eated that the O 
o 
group of Szymaaowski probably all 
beleraed to group Oa ln the zame year Goodwin, Saison and Coombs 
(1555) demeaatrated that a large number of pige which h. 
more thaa one iajection of swine fever vadoine had a hiah titre of 
rea cell iao-aatibodiea. Later Goodwin ana Saisoa (1956) reported, 
a breed differenoe in the immune iseantibody reepoase to this 
vaccine. GoodwilL ana Comb s (t956) also failed to establish that 
the 11. antigen-antibody aystem of pigs was involved in haemolytic 
disease of the newborn piglet. They aid eatablish, however, that 
the antigen is absent from the red cells of the newborn, but 
appeared in increasing strength on the cells at varying times during 
the first month of life. 
Saison (1958) deaonatrated that pure testing reagents 
could be isolated from the immune bmtisera of vaccinated sows. 
With all'At other antibody doaated by Gershoaitz, he deacribed a blood 
group system of pi de involving four fee-tore called Ea Eo and Ed. 
These factors were shown to be heritable, and. Saison believed that 
the syatem formed ¡vas consiatent with the existence of four alleles. 
The four alleles were made-up of the following groups of factors; 
(Es), Cab E0 Ed), (Eb Ed) and (Ec Ed). The factors Ea and E were 
oonsidered to be equivalent to Andresen's factors E 
a 
and Eb. In a 
later communication, Saison (1962) amended the previous report and 
removed E from the new gystem, because it was believed to be a 
yvak / 
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weak Fa. She elso isolated a further seven antibodies from the 
sera of seven vacoinated sows. The additional factors were called 
K 
a 
K MC, Bill, P, Q and R. Factor K a was believed 
to be similar 
' al' - 
to the K 
a 
described by Andresen (1959o), but Saison produced evidence 
foo the existence of two antibody fractions in the original Ka anti. 
serum. Two sub-groups Kai and 1K a2 
were postulated. Four of the 
other factors listed above were detected by Thies papain method 
(1955). 
Joysey, Goodwin and. Coombs (1959) also defined 11 antigens 
by absorption of antisera from six vaccinated sows producing haemo- 
lytic litters. These factors were numbered 1 to il. The distribu- 
tion of these antigens and the A factor were calculated in seven 
different breeds by the same authors (1959). Inheritance studies 
on these factors were not carried out, and comparison with reagents 
identified by othervorkers vas not made. 
The third and prdbably most definite approach to this 
subject was made about the same time as the investigation by the 
Cambridge workers. Andresen working in Copenhagen adopted the 
positive technique of producing isolmmune and heteroimmune antisera 
by repeated injections of non pooled donor blood, In 1957, he 
sescribed seven different reagents against factors called. E, F, G, 
H I, J and K. All were obtained from antisera produced by 
isoimmunisation. Family data was presented to show that these 
factors were inherited as dominant eheracters. In 1959 a whole 
series of papers by Andresen were published, establishing systems 
and genetic control of several antigenic factors. In the first 
paper / 
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paper from Wisconsin, Andresen andlrWile(1959a) found two factors 
E ans. E 
b, 
ana proposed that they were controlled by allelic genes 
a 
in a multiple allelic system. Th Ea factor was the same as the 
previous F Andresen had defined. Then Andreseteand Wroblewski 
(1959b) with a third factor Eé, produced at the Pasteur Institute, 
established that all E. animals had the E factor as well, also that 
ge was a contrasting factor to Ei The theory was advanced that 
the E systea constituted a closed genetic system formed by three 
e 
alleles E5, ge aria E b. 
A further paper by Andresen and. Irwin (1959c) demonstrated 
that by heteroimaunisation of rabbits with pig red cells and abzorp. 
tion experiments, two haemolysins against pig blood group factors 
K and. K. were specified. The K factor was similar to the 
a 
factor previously obtained by isoimmunisation. These two factors 
were concluded to be controlled by two allelio genes in a multiple 
allelio system. 
In a paper on studies of pig blood groups in connection 
with progeny testing given at the Blood Group Congress in Munich, 
Andresen et al. (1959d) indicated that preliminary studies on 16 
blood group factors had been concluded. On the basis of his 
investigations he stated that, "the 16 blood groups understudy 
belong to nine different blood group systems". The systems were 
called A, B, F, G, H, 1, J, K and. L. Two additional factors E. and 
Eri. 
were added to the existing E system. The G system was also 
found to be a closed system, in that all pigs had either factor Ga 
or G, or both. Another system called. H had two factors H, and Hy 
but / 
but was not a closed system, it was found that the Ha gene showed 
a dosage effect in that °ells from homozyeous individuals were more 
reactive than heterozygotes. The existence of the G and H systems 
wa s later confirmed in a paper by Andreeen and Wrobleeski (1961). 
The remaining factors mentioned at Munich were F 1 J and La a' a' e 
(= 13K5), all single factors representing different ystems. Two 
a0ditional factors called K and K 
(51 
were also added to the K system. 
Bruner Nielsen 0960 another Danish worker, added another 
system called M to the above classification. This new system arose 
from isoimmunisations using pigs of the Pietrain breed as donors 
against Landreee as recipients. It was represented by a single 
factor called M. and no association wiebh any other factor could be 
foued Test crossings involving ell other systems except the L and 
Zr systems confirmed its independence. 
In the most recent communication, again by-Andresen (1962), 
he has established the existence of ter blood group systems on the 
basis of segregation studies Within relevant families. An addition- 
al system called B containing factor B 
a 
has been found.. This 
factor appeared on investigation of an antiserum from a sow which 
had given birth to pigs affected with haemolytic disease. It is 
the first time that a specific antigen has been implicated in this 
disease. Anti A and E 
a 
were also present in the antiserum. The 
use of the letters B. C and D had previously been avoided by 
Andresen in his notation, in view of the work by Seent-lvanyi and. 
Szabo (1954)0 As the stock of their reagents had disappeared, the 
necessity for reserve was overlooked. In addition, within the E 
system / 
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System another actor called. E was proposed, and evidence was 
presented for the existence of three paire of contrasting characters 
within a multiple allelic system. The oontreAting factors proposed 
areRana4,,EandEalsoBandElnheritanoe steelics e a d f 
demonstrated the ezistencerof five E alleles controlling the follow.. 
ing grouns of these factors: , ;EE. a 14 
DOZ eag' sag' efd 
na 
ofo li 
A shorthand notation has been adopted by Andresen to identify these 
gronpA. The other new additional factors given in the above paper 
were .L and Lc, It is suggested by Andresen, that these factors 
alone. with L 
a 
forn a closed system comprising three alleles Las Lb 
and L 
be 
, A comparison of the frequencies of the various blooa 
group alleles was also presented for three different breeds, 
Severe.' alleles showed significant differences in their frequency 
between-the different breeds. 
2. METHODS AND MATERIAL:- 
1. ymilapIla: (a) AstricaL An antigen is defined as a 
substance capable of stimulating antibody formation, when introduce 
parenterally into an animal. The antibody produced is capable of 
combining with the antigen in zoille detectable way. In blood croup 
studies antigens have been found to occur on the surface of the 
cryihrocyte. They are often referred to as blood group substances 
end chemioally are conjugated proteins of a mucopolysaccharide type. 
(b) Antiserum This refers to the serum of 
an animal in which antibodies may be found. They are Isodified 
serum globulins usually belonging to the gamma range. Each antibody 
has usually a unique specificity for the antigen or group of antigens 
it was stimulated by, although cross specificities do occur. This 
specificity by in vitro tests manifests itself in the form of a 
'eerticular reaction, whereby the antibody combines with the antigen 
snd causes the vehicle (i.e. red cell) to agglutinate or lyse. 
(c) ipecific antibilOr For blood grouping 
the isolation of specific antibodies from heterogeneous antiserum 
is the primary aim, so that each antibody will detect its reciprocal 
antigen. Thus animals can be grouped according to the type of 
antigens they have on their red cells. Thf level at which any 
worker can assess the unit specificity of any antibody isolated is 
As-elo NS )F 
to study the eeneswhich controls the antigens or group of antigens 
- 
detected. If the inheritance studies comply with the simple rules 
of Mendelian segregation, then the worker may justify the existence 
of / 
of such an antibody by calling it a reagent. The 
antigen a 
reagent detects is often called an antigenic factor, or blood group 
factor. 
(d) Blood group system This may be 
defined as a region of a chromosome within which one or several 
genes may control several antigenic factors. By the study of 
inheritance within reliable pedigreed animals, association between 
blood group factors may be found, so that they may be assigned to 
the same region or system. Those which segregate independently 
cannot belong to the same system. If the region of the chromosome 
is confined to a short distance, then it has less chance of becoming 
divided up due to the phenomenon of crossing over at meiosis. By 
measuring the recombinant values for two linked factors, then the 
percentage crossing over within a defined system may be assessed. 
In the notation used so far to define pig blood groups, 
each system is characterised by a different letter of the alphabet. 
The antigenic factors within a system are written as subscripts to 
this letter and are used to indicate the phenotype, whereas the 
genotype is indicated by using superscripts. For example, a blood 
system called A may have antigenic factor Aa in the phenotype, and 
the genotype may be expressed as Aa /Aa in the homozygote and elf' in 
the heterozygote. If an animal is negative for the antigenic factor 
Aa, then the phenotype may be expressed simply as A -ve, and the geno- 
type as A /A , that is the double recessive. most antigenic factors 
are inherited as dominant Mendelian characters revealing themselves 
when in the homozygote and heterozygote form. 
2. / 
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probability of obtaining a deviation from expected greater than 
the observed when taken in the direction of the observed 
deviation. The two tail significance tests correspond to the 
single tail tests at the conventional probability levels 0005 
and 0.01 respectively. This means that in assessing the 
probability value obtained by the Exact treatment the 
significance placed can only be applied at half the probability 
obtained by the conventional two tail test. 
- 14c - 
'Yate's correction of continuity can be applied. By this method 
2 . 
is calculated by making the observed frequencies less 
extreme, by adjusting them by half a unit. The probability 
significance is applied at the same level as for the two tail 
test. 
In this study for frequendas less than five the method 
used is the Exact Treatment by Fisher (1950). By this method the 
probability values are calculated exactly, and this is 
illustrated in the results involving the Reagents iios. 5 and 11. 
This example shows that the two figures to be reduced stepwise 
by one until 0 is reached are those which are smaller than the 
expected values, or are those forming the smallest cross-product. 
The expected values are shown in brackets:- 
Factor 11 or E 






















- 104! 2!341191493 11351204481 0!36!21!471 
The above method may be more easily calculated by usine 
Fisher and Yates (1948) Tables for the logarithm of the factorial 
numbers. 
:;hen the standard test is applied to a 2 x 2 
contingency table the distribution is called two tail, because 
the test is based on the probability of obtaining a difference D 
either direction, which can be greater than the actual differen 
between observed and expected frequencies. The Exact Method (51.1rel 
above however, is called a single tail test, and indicates the 
14b - 
In the four cells of the table, a, b, c and d represent 
the actual number of animals observed within the population to 
react with Reagents X and Y. The values expected by chance alone 
for any cell can be calculated by taking the product of the 
corresponding marginal totals and dividing by N. 
eg. a .L c) . (a' -k b) 
N. 
However, without calculating the expected values for 
each cell Fisher ( 1950) showed that( 
2 
may be calculated directly 
by the following formula : - 
(ad - bc)2. N. 
(a + b).(c + d).(a + c).(b t d) 
If the cross product of (a.d) is greater than (b.e), it 
is called a positive association, and may suggest a mixture of 
antibodies, or possibly a genetic relationship, such as a linkage 
in coupling. Alternatively, if (b.c) is greater than (a.d), it 
indicates a negative association and could suggest linkage in 
repulsion. 
it is pointed out by Fisher (1950), that "The 
distribution of is a continuous distribution. The distributio 
of frequencies must, however, always be discontinuous. 
Consequently, the use ofx 2 in the comparison of observed with 
expected frequencies can only be of approximate accuracy, the 
continuous distribution being in fact the limit towards which the 
true discontinuous distribution tends as the sample is made ever 
larger ". In order to avoid the irregularities produced by small 
numbers, Fisher recommended that in no group should the expected 
number be less than five. 
In cases of frequences less than five the method of 
- 14a 
Statistical Analyses:- 
1. Chi-squared test:- This statistical test has been 
frequently applied to the data given in this thesis. The basic 
chi-squared formula is taken from Fisher (1950), and is as 
follows:- 
rX1 - S ( x 
_111 
where 'm' is equal to the hypothetical expected values, and 'x' 
is the deviation between the observed values and the expected. 
The chi-squared value has also been calculated in 2 x 2 
contingency tables, which have also been extensively applied to 
the data. The 2 x 2 table has been used to investigate the 
possibility of serological and genetical association between 
various blood group factors by calculating the 
2 
value, or 
the corresponding probability that the association observed 
could reasonably occur by chance alone. The assumption that 
chance alone is responsible for any association observed, may be 
found to be very unlikely (ie, the Null Hypothesis), and the 
alternative view, that some other factor is involved is rendered 
more acceptable. In general, where the probability is greater 
than 0.05 the association has been ignored, but where the 
probability value is less than this limit further serological 
or genetical investigations have been pursued in search of a 
more likely cause than chance. The 2 x 2 table is applied in the 
following manner, when the distribution of reactions for two 
reagents called X and Y within the same random population are 
compared in a contingency table:- 
X Reagent 
reaction -,t_ 





b a 4 b 
d c4d 
b 4- d Ij 
(a4b4-c4d) 
.15. 
2. Lua1;men14....anina: (a) pia The majority of the pigs 
described in this study were provided by the Agricultural Research 
Council end located at two of their experimental animal breeding 
research farms. These farms were (1) The Pig Breeding Research 
Station, gountmarle, Roslin, Midlothian and (2) Skedsbush Farm, 
Gifford, East Lothian. 
For the section on Sodium and. Potassium blood values the 
material was obtained from pigs at the National Pig Progeny Testing 
Station, Bridge of Allan, Stirling. The remainder of the material 
was obtained from pigs of unknown origin being slaughtered at the 
Edinburgh City Corporation Abattoir, Gorgie, Edinburgh. 
(b) Rabbits These were supplied 
by the Agricultural Research Council and were located at their 
Dryden Field Laboratory, Roslin, Midlothian. 
(c) lialc,2912,1121 In selecting 
animals for blood grouping by serological techniques, a considerable 
amount of assistance was provided as the result of a previous experi- 
ment. This occurred indirectly through Dr. Andresen in Copenhagen, 
who in 1960 wished to collect data on red cell antigen frequencies 
within the Large White breed. The blood from several animals of 
this breed were collected for him at the farms mentioned above, and 
sent to Denmark. At that time Andresen had by isoimmunisation and 
fractionation of antisera obtained sixteen antibody reagents each 
capable of detecting a different red cell antigen, On the basis of 
a survey of the Landrace breed and segregation study within families, 
he had grouped these antigens into nine blood group systems, as 








Blood group antigen or factors 
A 











Kat Kb, Kd 
L 
a 
Of the Large White pigs which were blood grouped on the 
basis of sixteen antibodies, only a small proportion remained when 
this work first began. Over a period of several months, nineteen 
of these pigs became available and were selected for use as a 
reference panel. Between them they represented a total of fifteen 
antigenic factors, the only factorEbsent being Hd. Only three 
systems were not represented by double recessive animals, that is 
the -1» genotype. They were the E, G and I ystems. Of these 
systems E and G are believed by Andresen to be closed systems, and 
double recessive animals have not as yet been found (Andresen, 1962). 
The purpose of the reference panel was twofold:- 
(1) They were used as donors and recipients in immunisation 
courses in an effort to duplicate some of the antibodies 
isolated by Andresen. Also, they were a source of 
known donor cells. 
(2) / 
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(2) Their main function was as a source of known reference 
cells to be used in the determination of some of the 
antibodies present in unknown antisera. 
(d) Animals for inheritance study 
The definition of a particular antibody unit capable of detecting 
one antigenic factor is not complete without a study at the level 
of the gene determining this factor. Bernstein (1924) first 
conclusively showed that the simple Mendelian segregation ratios 
could be applied to the human AB antigens. To test the segregation 
ratios of the genes determining the factors detectable by: 
(1) Specific antibody units as isolated by serological 
techniques. 
(2) Biophysical methods. 
A large number of pig families were bled and grouped. 
These families were selected to give a mixture of breeds, so that a 
maximum distribution of the genes involved could be obtained. The 
number of animals involved are grouped in breeds as shown in the 
table below:- 
Breed Boars Sows 
Noe of 
offspring 
Large White e 21 88 
Landrace 3 6 22 
Gene pool* 6(+3) 21 133 
Total 15 48 243 
*This was a pool of animals from Large White, Landrace, Wessex and 
Tamworth breeds. Nine boars were included in the cene pool mating, 
of which three were the Landrace boars. 
3. / 
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3. Blood ampling and storage: (a) Luits For general 
purposes when small volumes of blood were required. (i.e. 30 to 100 
ml.) the external auricular vein was used. The ear was scrubbed. 
and shaved and swabbed with spirit, then a fine film of petroleum 
jelly was rubbed over the ear from the proposed.. site of bleeding 
to the edge of the ear. A small slit was made along the longitudinal 
axis of the vein, and blood was collected by free flow from the edge 
of the ear. Sometimes the tip of the ear was rubbed with a swab 
dipped in xylol to help vasodilate the vein. 
Larger volumes of blood could sometimes be obtained from 
the ear vein, but generally it has been more successful to collect 
by puncture of the anterior vena cava, Sows were restrained in the 
standing position by a loop of rope around the upper snout. The 
rope was stretched upwards to a ring in a wall and tied. All 
bleeding was performed on the right side of the animal from a site 
just in front of the raanubriura of the sternum and to the right of 
the trachea. The site for puncture was scrubbed in the usual 
manner and the actual point of entry was on a line taken from the 
manubriura to the base of the ear approximately 1 to 1-i-ft from the 
manubrium entering at the supraclavicular fosse.. A 4 to 5" needle 
of 14. S.W.G. was inserted upwards, slightly inwards and slightly 
backwards. On entering the skin negative pessure was applied to 
a syringe attached to the needle. Entry of the anterior vena, cava 
is usually at a point approximately 3" from the surface of the skin. 
(b) 
OP 1 5" le. 
(b) Collection and stRrage of 
whole blood. The acid-citrate-dextrose solution recommended by 
Loutit and Mollison (1943) was used for this purpose. Four volumes 
of-blood were mixed with one volume of this solution. Ti e blood 
was then stored at 4 
o 
C. The erythrocytes in blood collected from 
the living animal generally kept for a period of three weeks in this 
solution at this temperature, and if they were not disturbed could 
keep for one month. The cells in blood collected at the abattoir, 
however, only kept for one week to ten days and were generally 
unsatisfactory. 
(0) Cl(Y-t----,..tUL921Zaliat9"....M. 
of serum Serum from immunised animals which contained antibodies 
ana serum for biophysical investigation was obtained by first 
collecting blood in a clean, dry, sterile bottle. This blood was 
allowed to clot, thee the clot was freed from the surface of the 
container and given time to contract at room temperature. Contrac- 
tion could be enhanced by incubation for one hour at 37°C. After 
this the blood was allowed to stand in the refrigerator at 4°C. for 
three to four hours. The serum was then decanted into centrifuge 
bottles or test-tubes and spun at 1,500 G for 30 minutes. The 
supernatant serum was then sucked off with a clean pipette and 
placed in bottles or test-tubes, and stored at -15 to -20°C. It 
was found that pig cells within clotted blood tend to haemolyse 
quickly if left too long at room temperature. For the collection 
of relatively clear unhaeinolysed pig serum it was found necessary 
to separate the serum within four to five hours of collection. 
if. 
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4. Transfusion for aatibod reseonse 
(1) Isoimmunisation: (a) Method Blood from the 
selected donor pig was collected into acid-citrate-dextrose solution 
and. 10 ml. of this mixture was injected intramusculary as a sensi- 
tising dose in the neck of the recipient pig. Prior to the 
commencement of immunisation the cells of the donor animal were 
tested with the serum of the recipient for the presence of pre- 
injection antibody. After the sensitising dose subsequent 
injections of the same volume and mixture of fresh whole blood were 
given at weekly intervals for four to six weeks. Test samples of 
serum from the recipient were taken prior to each injection, and 
were tested against the donor cells for the presence of antibody. 
This enabled one to follow the antibody response and decide at what 
stage lemunisation should stop. If there was a suitable response 
a large volume of blood was taken from the recipient animal ten 
days after the last injection. 
In seven different transfusions adjuvant in the form of 
eorbital monoleate (*Grill .1694 as recommended by Dresser (1961) 
was given withthe sensitising dose. The site of injection of the 
adjuvant was different from the site for the injection of blood. 
It was given subcutaneously behind the elbow of the animal. This 
vas to avoid the possibility of sterile abscess formation in the 
neck region. 
All the transfusions were performed in mature sows of at 
least two years of age and over. 
The choice of intramuscular injection as the route of 
administration was decided for the following reasons:- 
21 
1. It avoided damage to ear veins, which were being 
used for bleeding purposes. 
2. It allowed slower absorption of the transfused blood 
and this helped to avoid possible transfusion reaction. 
In fact, none of the sows which were injected showed 
a transfusion reaction. 
3. Previous reports have shown that antibody stimulation 
by the injection o f crystal violet vaccine, which 
contains pooled whole blood of pigs is extremely good 
(Goodwin, 1955). This vaccine is administered 
subcutaneously or intreausculary. 
A comparison of the results of the transfusions within 
and between different breeds are given in Table I. A total of 4.9 
sows were immunised and studied, of which 47 were selected animals 
and the remaining two were obtained at slaughter 14 days after their 














titre 1/ and 
over 
LW LW 22 12 
LW Wessex 15 10 
Wessex LW 3 3 
Wessex essex 7 7 
Crystal 



























69 11 22.4. 
- - 
Of the 22 Large White sows immunised, seven were given 
orbital monoleate with the sensitising dose and a summery of the 



















6 85.7 57 
The approach adopted in the first instance for the 
isolation of specific antibodies was based on the work by Rendel 
(1953). Ea used Vasconsin reagents to type Swedish cattle, and the 
selected animals which were similar in blood type apart from one or 
two factors. These animals were then used as donors and recipients 
in immunisation courses. In this way he was sometimes able to 
produce uncomplicated antisera containing only one or two antibodies. 
The reference panel of 19 Large White sows which were aveilable were 
selected in a similar manner for immunisation. Only a few combina- 
tions showing a limited antigen difference were found. Even in 
those instances where the only apparent difference wes one factor, 
it did riot necessarily follow that this was the only factor; but 
within the limits of Andresen's grouping, it was the only factor. 
The results in Table III show the different types of antibody and 
titre of antisera produced within the different breeds selected for 
immunisation. Mere the number of antigen differences are known 
it is shown, also the specific antibodies isolated from the antisera 
produced are shown. The first part of this thesis is concerned 
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1 1c 1 
- - - 
<2c 1 >c 
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Note : - 1. Antibodies marked with a 'c' were obtained from antisera of animals immunised with whole blood 
plus 'Grill 16' adjuvant. 
2. A proportion of the antisera were not investigated for incomplete agglutinins. because at the 
time of immunisation a suitable antiglobulin serum was not available. 
Details of all the immunisations carried out are shown in 
the Appendix 1A and 2A. 
(b) Heteroimmunisation The 
laboratory animal used for the production of hetero-antibody was 
the rabbit. This animal was immuniseci for two purposes:- 
I. Stimulation of antibody to particular pig red cell 
antigens. 
2. Obtaining an anti-pig globulin serum for Coomb's 
test. 
1. The method adopted for immunisation was intravenous injection 
of i ml. of a 20$ suspension of thrice washed pig cells at two day 
intervals for six injections. Pre-injection samples of blood were 
taken from the rabbits before and after sensitisation. Each animal 
was bled from the marginal ear vein at ten days after the sixth 
injection. Two specific antibodies Nos. 3 and 4 were obtained as a 
result of these immunisations, and they will be described under the 
section on results. 
2. The method first adopted was injection of i ml, of pooled pig 
serum intraporitoneally as a sensitising dose. A similar injection 
was given one month later and the rabbits were bled ten days after 
this injection. The first six rabbits injected did not yield. any 
precipitating antibody and repeat injections were given et three 
monthly intervals. After the fourth injection, an antiserum to pig 
globulin was obtained. 
The second method adopted vas injection of 1 mi. of pooled 
erur plus 0.2 m1. of sorbitol .monoleate subcutaneously as a sensitise 
g dose. Three months later the rabbits were injected intraperiton« 
ally with vary; doses of pooled pig, serum. The quantity injected 
aried from 0.2 ml. to 1.0 ml. with different rabbits. This was 
followed one week later by a similar 3ijeetion of the same amount as 
given previously to each rabbit. The rabbits were then bled 14 days 
eater. The antiserum obtained from these rabbits was not satisfact 
Some difficulty was experienced in trying to obtain a suitable rabbit 
antiserum against pig globulin, and this will be discussed further in 
the next section. 
5. Blood grouping techniques: All whole blood obtained from 
soixmunised sows was left in the refrigerator at 44 °C. for three to 
our hours before spinning down cells and decanting the antiserum. 
his was to enable any naturally occurring cold auto'antibodies 
resent to bind on to the red cells and. therefore be removed from the 
!Serum on spinning down the cells. An aliquot of each antiserum to 
be investigated was then serially diluted in C. saline, either in 
doubling dilutions from 1 in 2, or trebling dilutions from 1 in 3. 
e latter was eventually preferred and adopted routinely, because it 
save sharper end-points, and was slightly more economical on antise 
ells froe the donor pig and from the animal yielding the antiserum 
re then tested against the serially diluted serum. The inclusion 
f the recipient's own cells acted as a negative control. 
Three standard techniques for the detection of antibody 
ere investigated and used in this study. The techniques used were : - 
1. / 
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I . Saline agglutination 
2. Anti-globulin (Coombs) test 
3. Haemolytic test 
j. Saline.aggittination. This was the first test to be 
applied to any antiserum and it was carried out at two different 
temperatures, that is at room temperature (18 20°C.) and at 37°C. 
The use of unheated antiserum helped to preserve whatever complement 
factors there were present, and this allowed one to observe whether 
any of the antibody present besides being agglutinating was of a 
haemolytic nature as well. If haemolysis did occur it only appeared 
in the first two tubes. After this screening test, the antiserum 
was then heated to 56°C. and left for 30 minutes at this temperature. 
It was found that this was sufficient to remove the complementary 
effect of the pig serum. The saline agglutination tests were then 
repeated on the heated serum, and the other blood grouping techniques 
were applied when possible. In the isoantibodies to be described, 
there was a slight difference in the effect of temperature on the 
reaction of saline agglutinins, also a slight drop in the titre of 
the antiserum after heating to 56°C. The following example illus- 














































































































































































































































































































































































































































































































































































































































































Two methods were investigated for detecting saline 
agglutinins. The first method used was the slide test. Pieces of 
white vitrolite glass measuring 13k" 
x 61-" were out, and each piece 
was then divided. into 72 x 1" squares by means of a carborundum 
wheel which cut grooves of 1/10" wide by 1/32" deep. Thus each tile 
had 6 rows of 12 x 1" squares, which therefore enabled one to use 
one row of 12 squares for one antiserum in ten serial dilutions with 
a saline control. On any one tile, cells from six individuals could 
be tested against one antiserum in serial dilution. Conversely, 
six individual antisera in serial dilution could be tested against 
cells from one individual or each tested separately against other 
cells. 
For each test, aliquots of red cells were washed in fresh 
saline and then spun in the centrifuge. Between each spinning the 
saline was removed by suction and the cells resuspended in f resh 
saline. At the end of the third wash the cells were spun for 30 
minutes to pack the cells, A measured amount of these packed cells 
were sucked up into a pipette, and resuspended in a known volume of 
saline to make a 2% suspension. This 2% suspension was used in the 
direct test against the serially diluted antiserum. 
A pipette calibrated to give a volume of approximately 
.03 ml. with each drop was used to put out the antiserum and the 
suspension of red cells. One drop of each dilution of antiserum 
was mixed with one drop of the red cell suspension on each 1" square 
on the tile. The mixing was completed with the corner of a micro- 
scope slide. 
At l 
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At room temperature the plate was rocked gently for 15 
minutes, and the reaction read by means of a hand lens. After this 
time at room temperature, the mixture began to dry out and the cells 
stuck to the bottom of the plate. 
For tests at 37 °C., the whole slide was placed in an 
incubator on top of a blotting pad soaked with water as in the 
technique described by Simmons et al. (1943). It was left at this 
temperature for 30 minutes, then taken out and read as above. There 
was no apparent evaporation during this period. 
The other method investigated and finally adopted routinely 
was the test -tube technique. A finer bore Pasteur pipette capable 
of delivering approximately .015 ml. with each drop was used for this 
test. One drop of the cell suspension was mixed with one drop of 
the test serum in the bottom of a small tube measuring 5 min. internal 
diameter and 50 miss. high. The two were mixed by shaking the tube. 
These tubes could be left for two hours at room temperature in i 
large metal rack capable of holding 600 similar sise tubes. The 
whole rack could also be placed for a; `.similar period in a large 
water bath at 37 °C., so that the tubes vere one third immersed in the 
water. There was no evaporation during this time. The reaction 
in each tube was estimated by very gently sucking up the contents 
into a long wide bore Pasteur pipette, then spreading them out 
carefully on a microscope slide. Each reaction was then interpreted 
under the low power of the microscope. This technique proved more 
Valuable than the slide test, because it allowed a simple score 
system to be adopted for reading the degree of agglutination present. 
The 
The score system adopted is shown in the table below:- 
Score system for interpreting degree of aglutination 
Approx. % of cell 
Score Interpretation agglutinated 
= no visible reaction a 
1 - 5" 0 = very occasional clt*p of 3 or 4 cells 
i = small clumps of 5 or 6 cells - 80; of 
cells free 20% 
2 small clumps of cells more numerous. 
than 1 40' 
3 = large clumps of cells with moderate 
number free 60% 
= very large èlumps with the occasional 
free cell 
large unbroken clumps with no free cells 100% 
2. Anti - globulin (Coombe) test This test was devised by 
Coombs, Mourant and Race (19.5) for the detection of the incomplete 
agglutinating, Rhesus antibody. Unlike the complete agglutinin, 
which operates in two stages, by first combining with the reciprocal 
antigen on the red cells, and then bringing the cells together in a 
clump in the second stage, the incomplete agglutinin only accomplis 
the first stage. So that the cells coated with antibody (which is 
usually ay-globulin) can complete the second stage, it is necessary 
to introduce a further antibody, that is an anti -globulin serum. 
The type of anti -globulin serum used depends on the species from 
which the antiserum coating the cells was obtained. For the detec- 
tion of incomplete agglutinins in pig antisera, an anti -pig globulin 
serum was necessary. The methods used to obtain such an anti - 
globulin serum in rabbits are described under the section on hetero- 
immunisation. As mentioned in this section some difficulty was 
e2perienced in obtaining such a serum, and consequently, the anti- 
globulin / 
globulin test could not be applied to several of the isoantisera 
first investigated. 
At this stage, it as not known whether the fault lay with 
the immunised rabbits, who had not produced anti -pig globulin, or 
with the isoimmunised pigs, who had not produced incomplete 
agglutinins. To establish that antibody to pig serum had been 
produced by the rabbits injected, agar gel diffusion on Ouchterlony 
plates was set up. Serum from four rabbits injected with pooled pig 
serum was placed in the four outer wells of an Ouchterlony plate, 
and allowed to diffuse at 37°C. against pooled pig serum in the 
centre well. The results of such a test are shown in Photograph 
No. i. 
The presence of precipitin bands indicated an antibody 
response to the pooled pig s era. However, this did not indicate 
which component(s) of the pooled sera were being precipitated by 
the rabbit antisera. To establish which components were being 
precipitated, the immunelectrophoresis technique of Grabar and 
Williams (1953) was adopted. By electrophoresis, the pooled pig 
sera was separated, into various fractions in the agar gel. The 
various rabbit antisera were then placed in grooves cut in the gel 
running 8 mras. apart and parallel to the line the pig sera had 
followed. As shown in Photograph No. 2, long precipitin bands were 
present in the region corresponding to the 111, 112 and '- globulin 
zones, as described by Hirschfield (1962). 
Rabbits Nos. 3 and 105 appeared to give the best precipita- 
tion in the AP-globulin region, and their antisera were used for all 
the anti- globulin tests. Subsequently, when pig antisera containing 
incomplete antibodies were obtained both r abbit anti -pis globulin 
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tised cells. 
To prepare the rabbit anti -pig globulin serum for the test, 
it was first heated. to 56 °C. for 30 minutes to destroy complement. 
When cool it was absorbed with a mixture of type A and 0 cells at a 
ratio of 1 of cells to 1 serum at room tem_eerature for 30 minutes. 
This was to remove the species antibody, which was present in the 
rabbit serum. The absorbing cells were washed thoroughly with fresh 
saline at least six times before absorption. This was to remove any 
trace of Y- globulin which might be present in the washed cells. 
Even a small amount of -globulin is sufficient to neutralise the 
'- globulin antibody present. 
For the test one drop of .03 ml. of a 5% suspension of 
cells was mixed with .03 ml. of the antiserum dilutions in 6 x 50 sm. 
test- tubes. The tubes were then one taint immersed in a water bath 
at 3700., aad left for two to three hours. At the end of the 
incubation time the tubes were spun in a centrifuge, and the super- 
natant serum carefully removed by suction, so that the cells were 
left in the botlffi of the tube. The cells were then resuspended in 
a small volume of saline, and then briskly washed by squirting in 
under pressure a jet of saline from a polythene wash bottle. This 
suspended the cells in a large volume of saline. They were then 
spun and the whole process repeated three trues, lifter the final 
spin the supernatant saline was removed by suction leaving a small 
button of cells in the bottom of the tube. These cells were resus- 
pended in .015 ml. of saline and then mixed with .015 ml. of suitably 
diluted, absorbed anti -globulin serum. The tubes were left at room 
temperature for 30 minutes, and the reaction was read by spreading 
and 
and inspecting the contenta on a miarospope slide under the low 
power, as for the saline agglutination test. Fine clumping of the 
cells was observed in a positive reaction. The coarse clumping 
associated with a direct agglutinin was never seen, and using the 
scoring system adopted for measuring agglt ination, the maxima 
score rarely exceeded three. 
To obtain the optimum dilution at which to use the anti.. 
globulin serum, it was standardised against each individual antibody 
as recommended.. by Dunsford and Grant (1959). This is shown in the 
example for Antibody No. 13 below:- 
Standardisation of R3 anti -0i4 globulin serum a npt .,Antiboc No. 13 
Dilutions of R3 anti-pig 
globulin serum 1 in 
3 9 27 81 24.3 729 2187 
saline 
Donor B3-255 1 in 3 3 3 3 3 2 1 - - 
cells sensitised " 9 2 2 2 1 1 0 - - 
with Antibody 27 2 2 2 1 0 0 - - 
No. 13 diluted 31 1 1 . 1 - .. - - - 
Y3 243 - - - -. 
Recipient 
Ak-8457 cells 
- - ~ - ,. 
For Antibody No. 13 the actual dilution of R3 anti -pig globulin 
serum ,selected was 1 in 20. 
3. Haemolytic test The standard 'three drop' test was used 
for detecting; h.aeraolysins in isoantiserum. A pasteur pipette 
capable of delivering .015 ml. drops was used to put out in each 
tube one drop of each serial dilution of the antiserum under test. 
After washing thoroughly in distilled water anis saline, the same 
pipette could be used to add to each tube one drop of the test cell 
suspension. / 
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suspension. A weaker suspension of cells estimated at 1.25 
concentration was used for this test. To overcome making-up 
suspensions to this concentration each time, a standard reading was 
taken in tho Eel Colorimeter against a red filter. All subsequent 
test cell suspensions were diluted to this standard. Tubes of 
6 x 50 mm. size were used a a before, and held in metal racks capable 
of holding 600 tubes. The antiserum and the cells were thoroughly 
mixed by shaking the tubes by hand. After washing the same pipette 
again, one drop of complement was added to each tube and all tubes 
shaken thoroughly as before. Complement in the form of fresh 
guinea-pig and rabbit serum was used, and their complementary effect 
was compared at different dilutions and temperatures. This is 
shown in the example below testing donor 254 cells against 1859 
antiserum:- 
1924L12.21111141"8.--Latgatw....§11outt 
i in 1 
Dilutions of Antiserum 
3 9 27 81 24.3 729 2187 0/ S Score 
Dilutions of 1 5 5 5 5 5 3 - - - 28 
Guinea-pig 2 5 5 5 5 5 2 - - 27 
complement 5 5 5 5 5 5 2 - -, - 27 
10 5 5 5 5 5 2 ... . . 27 
0 2 2 
_ _..._ 
Dilutions of 1 5 5 5 5 5 5 5 - - 35 
Rabbit 2 5 5 5 5 5 5 5 - - 35 
complement 5 5 5 5 5 5 5 5 - - 35 
10 5 5 5 5 5 5 2 - - 32 
20 5 5 5 5 5 4 1 - 30 
32f.24... 
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for 6 hours 
Dilutiens cf Antinerum 
1 in 1 3 9 27 81 24.3 729 2187 C' S Score 
__ 
Dilutions of 1 5 5 5 5 5 4 2 - - - 31 
Guinea-pig 2 5 5 5 5 5 4. 1 - - 30 
:complement 5 5 5 5 5 5 3 1 - - 29 
10 5 55551 , - - 26 
20 1 26 
Dilutions of i 5 5 5 5 5 5 5 
.011110100P 
- - 35 
Rabbit 2 5 - 5 5 5 5 5 .. 35 
comPlement 5 5 5 5 5... 5 5 4 . - 31+ 
10 5 5 5 5 5 5 3 - - 33 
20 5 5 5 5 5 4. - - - 29 
Iaorecsing the temperature appeared to improve the 
complementary effect of guinea-pig serum, but this was still not as 
effective as rabbit serum either at room temperature or 37°C. For 
routine testing *tall neat rabbit serum was used as a soiree of 
complement. It was absorbed with type A pig cells at 44°C. for 30 
minutes at a ratio of one volume of cells to four volumes of serua. 
This was to remove the naturally occurring antibody, which cross 
reacted with pig tree A cells, and the species antibody. The serum 
was stored in small volumes in tubes at -15 to -20°C. and thawed out 
rapidly at 56°C. before use. Its potency did not appear to decline 
after six month storage, but after this period fresh serum was 
obtained again, and the old was discarded. 
With each haemolytic test, two negative controls were run 
routinely. The first tube omitted antiserum, but contained two drops 
of complement to one of cells. This tested the effective removal of 
natural / 
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natural and species antibody within the complement. The other tube 
contained two drops of saline with one of cells, and this acted as a 
control on the tonicity of the unsensitised cell membrane to with- 
stand the test. 
The standard test was conducted at room tesperature and 
the rack oarrying the tubes was geesd in a maehanisal Shaker, which 
automatically shook for one minute at the end of each hour. This 
allowed the sensitised cells, shich had settled at the bottom of the 
tube to come in contact with more complement, which was always 
present in excess. To find the optimum time for conducting the 
test, readings were taken every hour for four hours, then the test 
was left at 44 C. for 12 hours and read. again. The graph in 
Figure 1 shows the effect of time on the haemolytic reaction obtained 
with one antiserum against two different reacting cells using neat 
rabbit serum as complement. 
In all the haemolytic tests a scoring system was adopted, 
which was very similar to that described for the agglutination tests. 
The degree of haemolysis was scored from O to 5, which was assessed 
by eye and corresponded to a range of haemolysis of 10 to 100. A 
guide to the percentage of haemolysis was the amount of unhaemalysed 
cells left in the bottom of each tube. 
6. Analsrsis of antiserum: If one animal does not have anti-i 
genie factors A, IS and. C on its red cells, then theoretically it 
should be capable of producing antibody to each of these factors, 
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Ideally, this may depend on the antigenic stimulus of each antigen 
and the antibody response of the recipient. However, in all cases 
of iamunisation if the donor antigens are known, then it can be 
postulated what antibodies might be present in the antiserum. 
Sometimes besides the known factors, there may be several unknown, 
and in other circumstances, all of the factors injected may be 
unknown. Before a specific antibody to one factor can be isolated 
and used for blood grouping purposes, the antiserum from which it 
originated has to be fractiamated by absorption with positive react- 
ing cells. 
(a) Antibody absoretlea If positive reacting cells are mixed 
with an antiserum, the antigenic factors on these cells will combine 
with their opposite antibodies in the antiserum. On spinning down 
the cells and removing them from the antiserum, they will extract 
the antibodies with which they have combined. This leaves in the 
antiserum all other antibodies with which the cells did not combine. 
Thus in the case of the hypothetical antiserum containing antibodies 
B and G, if cells carrying factors A and. C are mixed with the 
antiserum, antibodies A and. C will be removed leaving antibody B 
alone in the antiserum. This is the ideal type of absorption to 
find, because the fraction of the antiserum which is left will only 
combine with cells carrying antigenic factor B. 
If, however, cells of type A, B and. C are used for 
absorption, then the antiserum will be completely exhaustedcf aU 
isoantibodies. This type of absorption occurs when donor cells are 
used to absorb the recipient's serum. 
For 
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For routine absorptions, cells were washed three times in 
saline, then packed in the bottom of a tube by spinning at 1,500 G 
for 30 minutes. The supernatant saline was removed and an equel 
volume of antiserum added to the cells. They were mixed and left 
to stand at room temperature for 30 minutes with occasional remixing 
dueing this time, After spinning again a1 1,500 G .. for 30 minutes, 
the serum was carefully removed with a Pasteur pipette and transferr- 
ed to a clean container, Often the process had to be repeated 
three or more times using fresh cells eaeh time, before the antiserum 
was exhausted of all antibodies to the absorbing cells. The final 
absorption ratio was calculated by dividing the volume of antiserum 
absorbed by the total volume of cells used during the whole absorp- 
tion process. Neat serum inactivated at 54°C. for 30 minutes was 
used for absorption. 
(b) Matrix analyses. This was the procedure adopted in the 
isolation of the specific antibodies described in this dissertation, 
It is based on)the method described by Hall (1955). Cells from the 
reference panel of sows were used in the first analysis. If the 
donor and recipient animals belonged to this panel, then the hypo- 
thetical antibodies could be postulated. However, in instances 
where either one or both blood types were not known, then the 
reference panel was used to try and assess what antibodies might be 
present. As an exanple of analysis, the fractionation of antiserum 
251e is given as an example. 
Antieenic factors A, Ef and. Kb were the potential antibody 
stimulators in this instance. Animals from the reference panel 
having cells which were positive for either one of these factors 
alone, or in combination, or oomeletely negative were selected. No 
animals 
- 33 - 
anieals were available which were E eve ang3. K eve 
b 
but the 
converse types were present. Cells from the donor and recipient 
were always included in each analysis. 
The selected panel were tested against serial dilution of 
antiserum 25/e, and their agglutination scores noted. Aliquots of 
25 antlserum were then separately absorbed by each positive acting 
cell including the donor, also one negative cell and the recipient's 
own cells. These aliquots were then serially di/uted and each 
tested in turn against fresh cells of all the animals used in the 
absorption matrix. The results are shown in Table +. 
From this table it is logical, to assume that each absorbed 
aliquot will only contain antibodies against factors not present 6n 
the absorbing cells. As non speeifie absorption may be aieotential 
factor, the absorption with a negative reacting cell was included 
as a control. In the case of the aliquot absorbed with i557 cells, 
all the known antigenic factors A, Ef and Kb were involved, but 
antibody was still left against cells 9091, 8457 and the donor. 
This indicated that other unknown factors on the donor's cells had 
stimulated antibody formation. The absorption with 9091 cells, 
however, st411 left antibody for 84.57 cells, and vice versa. It 
was therefore logical to assume as the only known common factor 
involved for these cells was Kb, that in fact they each had a 
further unrelated antigenic factor, whici must also be present on 
the donor's cells. These factors may be referred to as X and Y 
for the meantime. it can also be assumed 4hat antibody to factors 
A and Kb MOD present due to the reaction of cells 563 and 262 
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postulated, this could not definitely be assumed until further 
absorptions were carried out. As antibody to factor E was require 
antiserum 254- was absorbed with cells 8457 and 262 to remove faetors 
A, 
t 
and Y. The absorbed antiserum left was then divided into 
aliquots and each absorbed again separately by the three cello 
carrying factor E and 9091 cells carrying factor X, then tested 
back as before. The results are shorn in Table 5. 
This matrix confirmed the presence of anti Ef, also a 
further antibody against factor X. By the same process, absorption 
with 4731 and 9091 cells would probably have yielded an antibody to 
factor Y. However, the amount of antiserum limited the extent to 
which it could be used for yielding adequate amounts of specific 
antibody. Antiserum 254 absorbed with cells 467 and 262 was 
therefore divided into two eoual volumes, and each absorbed separate 
one with 9091 cells and the other with 4731 cells. To further test 
the unit specificity of these absorbed portions, each was serially 
diluted and tested against 20 pigs from as varied a population as 
could be obtained. Slaughterhouse blood had sometimes to be used 
for this purpose, but it was not completely satisfactory, because 
of its poor keeping Quality, and permanent loss of the source. 
Aliquots of the absorbed sera were further absorbed with all the 
positive cells and one negative cell, also the donor, recipient and 
one other known cell, then tested back as before. The results are 
shown in Table 6 for one fraction of the antiserum, which was first 
absorbed with 8457, 262 and 9091 cells. 
This / 
This table indicates that within the population of cells 
used, this antiserum could not be fractionated any further, and 
therefore, was believed to contain an antibody specific for factor 
E 
f. 
It was called Antiserum No. 11. Although tentatively accep' 
this stage as a specific antibody the next section on results 
will endeavour to establish the specificity of this antibody, and 
all the other antibodies isolated by similar methods. 
3. EXPERIMENTAL RESULTS:- 
1. Antiserum No. 1 Sprague (1958) quotes in his paper, 
that in 1955 (Sprague, 1955) he established that the A, J and R 
soluble substances of the pig, ox and sheep respectively, cross 
reacted with the Anti-3 found to occur naturally in the serum of 
cattle. He tested blood samples from 217 pigs with anti-J and 
found that 94 samples were haemolysed by this antiserum, and the 
remainder were not. In this way he was able to classify pig cells 
into type A and type O respectively. 
To confirm this observation and use anti-J serum as an 
antibody for the detection of pig type A substance, several cattle 
were bled to obtain a suitable antiserum. Details of the fractiona- 
tion of their sera are given in Appendix B (i). 
The final antiserum obtained and called Antiserum No. 1, 
was from cow la 206B. This serum was tested against eight cells 
from the reference panel, of which two cells were Awe and the 
remainder were Ave. The results obtained are compared in a 2 x 2 
contingency table: 
MZ 206B 4ve 
Serum 
-ve 
Refere ce Panel 
A4ve A -ve 
2 
If P = 2! 6! 6! 2! 
8! 
6 8 
The exact probability of the results being due to chance 
alone is 1/28. 
Ouelitative reaction The first step in establishing the specificily 
of each antibody was to see if it would clearly classify a popula- 
tion of animals into positive and negative groups. Figure 2 shows 
histograms of the frequency and strength of reaction of Antiserum 
No. 1 against two different groups of pigs using two different 
titrations of the antiserum. The actual number of animals tested 
and the mean reaction score and standard deviations of the antiserum 
are given below each histogram. The results indicate that the 
reactions were qualitative. 
Inheritance of the A substance Having established that Antiserum 
No. 1 detected the A substance of pig blood, the hypothesis that it 
was controlled by a dominant mendelian gene was now tested. 
table showing all the possible phenotype matings among families, and 
the distributioa of the character in the offspring according to sex 
and their reaction is given below:- 
Z.112-Z/ 
Fig 2 . 
Frequency and Strength of Reaction - Antiserum No.1 






O 10 20 30 40 50 
Haemolytic Reaction 
Antiserum AO. 
O 10 20 
í i.. 2 dilutions 1 in 3 dilutions 
-ve +ve 
Nos. of animals 11{. 12 _ 26 
1j:eaY1 haemolytic rßcìGtj.oIl = 4.7.17 
and S.D. ; 4-3.6 
-ve --ve 
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This table clearly shows that the gene controlling the 
factor A was dominant, because there were no positive offspring 
resulting from matings of double negative parents. Only in those 
instances where one of the parents was positive appeared any 
positives among the offspring. 
Calculation of expected distribution amonfl offspring Assuming that 
the genotype of the genes controlling the A factor within a popula- 
tion to be AA:Aa:aa, then it is possible to calculate the gene 
frequencies of the 'A' and 'a' gene having a knowledge of the propor- 
tion of 'aa' individuals within a population. In the phenotype 
distribution the negative class of animals could be assumed to 
represent the 'eal, or double recessive animals. To calculate the 
expected distribution of negative and positive offspring from the 
gene freauencies, one has to assume that the matins were random. 
The matings in the above table were not completely random in that 
the large White breed was represented by several fpmilies, en.'1 boars 
were used in more than one mating. However, a s approximately half 
of 
of the population contained families resulting from a gene pool 
mixture of four different breeds, it therefore seemed reasonable 
material on which to test the manner of inheritance of the A factor. 
The genotype distribution of the parent population was 
calculated. A total of 63 parents were involved of which L3 were 
negative for the A factor:- 
AA Aa aa 
o/Yee 
Gent frequencies 0*0502 0.287 0.681 
Calculated number of parents 
within population 
- I . 0 
2 18 /4.3 . 63 parents 
The expected frequencies for the offspring resulting from 
the different genotype matings of the parent population are given 
beside the observed figures in Table 7. 
Backeradiaa To complete the inheritance study of t ,a A 
factor, the classical backcross mating was investiL4-a to establish 
the dominance of the A gene in the heterozygote. As only one 
generation of family material was available, the heterozygote geno- 
type had to be assumed on the basis, that matings between a positive 
and negative parent will produce at least one negative offspring- 
i.e. A+ve A-ve Phenotype class 
AA/Aa 
If 
A a Aa¡Aa Parents genotype 







The segregation results shown in Table 8 do not fit a 
one gene hypothesis absolutely, and the possibility of Antiserum 
No. i detecting two factors instead of one should not be over- 
looked. If a two gene hypothesis is considered, then matings 
between a positive parent heterbzyous for two factors and a 
parent negative for both factors, where linkage between these 
factors may or may not exist, the following ratio of positive to 










ABab A b .a b 
A /B /B A /B dat /B 
Aa/BB.Ahtb AaiBb,AaiBb 
Patio of +ve to -ve 
3 positive s i negative 
If the deviations from the observed values in Table 8 
and the above expected figures are re-calculated in a Chi-squared 
test, then the level of probability is as follows:- 







_ (0 7 E 0 - E) 
2 2 
4,4 E 
--L. 0.92 4, 2.7? 
p z Between 0.10 and 0.05. 
If a positive boar was mated to more than one negative 
sow, then his heterozygosity was based on the evidence within any 
one family.. Proof of his heterozygosity automatically included 
all other families where the mating was a backcroes. Matings 
between positive sows and negative boars were also included, if at 
least one of the offspring was negative for the character. The 
results of all backcross matings are given in Table 8. Deviation 
from expected is calculated in a Chi-squared test and the level of 
probability given:- 
Table 8 
Backoross mating No, of offspring 
3 
No. 2 5 18 
No, 4 6 
Total observed 
expected 





= 1.88 + 1.88 
= 3.7 for 1 d.f. 
P = Between .10 and .05 
The segregation results indicate that the gene controlling 
the A. factor behaved as a simple mendelian dominant. The chi- 
2 
) souaredtest applied was taken from Fisher (1950), where 
Subsequent results reported for the other specific anti- 
sera are based on a. similar interpretation to that presented for 
Antiserum No, 1. 
2. 
Antiserum No. 2 Obtained by isoimmunisation of sow AP891 4 
with whole blood from sow WL9091. Details of the fractionation are 
given in Appendix B(ii). 
The reaction with ten cells from the reference panel of 
which two cells were Et +ve and the remainder were E, negative are 
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The exact probability of the results being due to chance 
alone is 01.5. This suggested that Antiserum No. 2 was capable of 
detecting character Bt. 
..1.r)i.2.2.4921.9ae-tkof....Lastas The histogram in Figure 3 
indicates that the reaction was qualitative. 
Inheritance of Factor E 
b 
Table 9 gives the observed distribution 
0.0101...11111141M3.0111. 












Frequency and Strength of Reaction 
Antiserum No. 2. 
1 in3 dilutions 
5 IO I5 
Agglutination Reaction 
Antiserum No. 2 1 in 3 dilutions 
-ve +ve 
Nos. of animals 33 75 = 108 
Mean agglutination reaction = 9.2 





































































Because of seven positive offspring appearing in one 
family, where both parents were negative for the character, complete 
dominance of the gene controlling the Et factor could not be accepte 
on this family data. Unfortunately, both parents had been 
slaughtered before the offspring were bled and typed, and therefore 
could not be re-typed. On further enquiry it was found, that during 
the time of mating there had been a breakout of boars, and the 
possibility of another sire being involved could not be dismissed. 
The guilty family has been omitted from Table 9. If the results 
for this one family are overlooked, then dominance must be present. 
14a9z2Laaatiyls Results are given in Table 10. 
Table 10 / 






No. of offspring 
+ 
20 
No. 1 2 0 7 
Total observed 9 27 
expected 18 18 
2 fl - E)2 (0 - E)2 
E + E 
= 4.5 + 4.5 
9.0 
P = lataluLta_aaLz9521 
The segregation results shown indicate that further back- 
cross data is necessary before it can be established that this 
factor is controlled by a dominant gene. A certain amount of bias 
was introduced in the mating data given in this table, because the 
offspring from two sows mated to one heterozygous boar were all 
negative. Also, one of these families was represented by only one 
viable offspring. The section on discussion on results will show 
that 
Eb 
was a contrasting factor to 
e 
, and the distribution of 
segregants within families for these two factors will be given. 
3. Antiserum îßìo. Andresen (1959e) has shown 1 !.at rabbits will 
produce specific antibody for the antigens of the K system. To 
confirm this work, six rabbits were immunised with washed cells from 
sow TN 203, which had antigen Kb. The antisera they produced were 
absorbed with cells from sow Th 262, which was recessive for the K 
system. The serum from rabbit No. 114 was believed to contain 
antibody 
antibody for Kb, and was called Antiserum i'o. 3. This assumption 
was based on the fact that all the animals in the reference panel, 
except TH 262, were Kb positive, and reacted with this serum. 
Therefore, the possibility of anti 
Kb 
being present in the serum 
could not be excluded. It will be shown later in the section on 
the Ames Comparison test, that this antiserum was in fact detecting 
factor Kb. Details of the fractionation are given in Appendix B 
(iii). 
Qualitative reaction Two histograms are shown in Figure 4. No. 1 
histogram illustrates that for the first croup of pigs studied the 
reactions were not Qualitative, and further fractionation of the 
antiserum was found to be necessary. This point is explained in 
Appendix B(iii). After absorption and test in a further matrix 
analysis, the new fraction was able to classify animals clearly 
into negative and positive groups as shown in histogram No. 2. 
Inheritance of Factor Kb Table 11 shows the observed and expected 
figures for the distribution of offspring : - 






Frequency and Strength of Reaction 
Antiserum No.3. 
I in dilutions 30 







'11t1serum No. 3 i in 2 calutiorrs ..,........ 
-ve +ve -ve +vc: 
Nos. of animal i 55 = 56 12 
Mean agglutination reaction = 21.3 = 25.3 

























bs. exp. Obs. expliallObs. 
TOTAL 
111111 

























AA. Aa aa 
Gene frequencies 0.681 0.288 .031 
Calculated. No. 






Backcross mating No of offspring 
No. 2 4 20 11 
Total observed 24 18 
expected 21 21 
X2 = 0.43 4. 0.43 
alle10711111111111M0.1, 
= 0.86 for i d.f. 
P .s= 
The segregation patterns in Table 11 and 12 support the 
opinion that the gene controlling Kla behaved as a mendelian dominant 
4.. 
-50- 
4. Antiserum No. 4 Like the previous antiserum, this was a 
haemolytic heteroimmune antiserum. Six rabbits were injected with 
cells from boar B3 - 1443 carrying antigens Ka and Kb. Absorption 
with boar 133 - 1523 cells, which were K a 
negative and. Kb positive 
left additional antibody in three rabbit sera. The additional 
antibody in each case appeared to be anti-Ka, which reacted with two 
out of six cells from the reference panel. The two positive cells 










The probability was equal to 1/16. 
Although all three sera appeared equally effective in 
detecting the Ka antigen, serum R 108 was selected and called 
serum No. 4. Fractionation details are given in Appendix B (iv). 
Frequency and strength of reaction Figure 5 confirms a qualitative 
reaction. 
Phenotype matings and inheritance of factor K Observed and expect -a 
distribution of offspring are recorded in Table 13:- 
Table 13 / 
Fig.5. 
Frequency and Strength of Reaction 
Antiserum No.4. 




O 10 20 30 
Haemolytic Reaction 
ntisoruin No. i in 2 dilutions 
-ve +ve 
33 33 s 66 Nos. of animals 
,Yoan agglutination rcactior. = 16.6 
and S.D. 















&s' s' TOTAL 



























AA Aa aa 
Gene fre' uencies 0.158 0.478 0.361+ 
Calculated No. 








No. of offspring 
12 
- + 
No. 7 20 18 
Total observed 32 1+8 
expected LEA 
2(2 
= 1.6 + 1.6 
40 
TOTAL 238 
3.2 for 1 d.f. 
P = Between 0.10 and 0.05 






5. Antiserum No., 5 A saline agglutinin obtained by isoimmunisa- 
tion of sow B3 155k with whole blood from sow PL 8927. Details 
of the fractionation are given in Appendix B(v). 
The reaction of antiserum No. 5 with seven cells from the 
reference panel of which three cells were Ea -we and the remainder 
E 
a 









3 4 7 
The exact probability of these results occurring by chance 
alone is 1/36. This appeared to indicate that Antiserum No. 5 
could detect antigen E 
a 
, and subsequently the comparison test 
confirmed this opinion. 
uer.a.....atzejltlól1911921 The histogram in Figure 6 shows 
a qualitative reaction. 
Phenotype matings and inheritance of Ea Table 15 gives the 
observed and expected distribution of offspring from the different 
matings. 
Table 15 / 
Fig,6. 
Frequency and Strength of Reaction 
Antiserum No.5. 




O 10 20 30 
Agglutination Reaction 
Antiserum No. 5 1 in 3 dilutions 
-ve +ve 
Nos. of animals 71 37 = 108 
_Mean ag ,lutin_ation reaction = 12.5 



















{!;st c,?s' TOTAL 
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Gene frequencies 0.091 0.422 0.487 
Calculated No. 
within parent # 6 26 31 = 63 
population 
Backeross matin s 
No. 
Table 16 
Backcross mating No. of offspring 
20 
No. 5 8 22 28 
Total observed 30 48 
expected 
= 2.08 4- 2.08 







The probability of the results in Table 16 occurring by 
chance are greater than 1/20, which could indicate that the dispro- 
portion is slightly gfeater than expected. However, one must again 
consider the family material from which the backeross matings were 
selected. Two completely negative families involving two negative 
boars mated to positive sows were included in this data. This 
again biased the segregation observed in that the positive sows were 
not expressed in any other family. 
The distribution of offspring from the different phenotype 
matings indicated that the gene controllinc; factor E 
a 
behaved as a 
simple mendelian dominant. 
6. Antiserum No. 6 This antiserum was obtained from sow W 1488. 
It was one of several sera from Vessex sows investigated for anti- 
body content approximately fourteen days after the sows were 
injected with their second or third annual dose of crystal violet 
vaccine. 
A haemolysin giving positive results completely in 
parallel with Antiserum No. 4 was isolated. It was called. Anti- 
serum No. 6, and like No. 4, it appeared to be specific for antigen 
K 
a 
. Details of the fractionation are given in Appendix B(vi). 
The histogram in Figure 7 showed that it classified pigs 
qualitatively. 
Inheritance studies on families and segregation ratios 
are exactly similar to Antiserum No. 4. 
7. Antiserum No. 8 One of two antibodies isolated from Wessex 













O 10 20 30 40 
Haemolytic Reaction 
Antiserum No. 6 1 in ilut.içns .._.... 
-vo +ve 
Nos. of animais 27(14) 31 = 53 
Mean agglutination. reaction - 30.1+ 
and S. D. _ 2.I+ 
cells carried antigen F 
a 
, and this was the only member of the panel 
to have the antigen. after fractionation, details of which are 
given in Appendix B(vii), there was an antibody left which still 
reacted with S 7881 cells, but with none of the other cells from 
the reference panel. This fraction was believed to contain anti-F 
and was called Antiserum No. 8. 
Qualitative reaction The histogram in Figure 8 shows that the 
reaction was qualitative. 
Inheritance of Factor F 
a 
Table 17 gives the observed and expected 
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0.009 0.172 0.619 
Calculated number 





Frequency and Strength of Reaction 
Antiserum No. 8. 
I 02 




O IO 20 30 
Agglutination Reaction 
Antiserum iro. 8 
Nos. of animals 
-ve +ve 
102 20 = 122 
Mean agglutination reaction = 12.25 






No. of offspring 
10 
n _. 
No. 4 12 12 
Total observed 19 22 
expected 20.5 20.5 
0.11 + 0.11 
= 0.22 for 1 ,?.f. 
P = Between 0.70 to 0.50 
The segregation ratios show that the gno for factor 
Fa 
behaved as a mendelian dominant. 
8. Antiserum No 9 This was the other unit isolated from W 989 
antiserum. The details of fractionation are given in Appendix B 
(viii). 
A. weak saline agglutinin of titre less than 1 in 8, but 
giving exactly similar reactions to Antiserum No. 5. In over 1+00 
animals grouped with these two antisera the reactions have been 
completely in parallel without exception. Consequently it is 
believed to be anotler antibody capable of detecting factor Fa. 
The histogram in Figure 9 shows that the reactions were 
qualitative. 
All inheritance studies are exactly similar to Antiserum 
No. 5. 
9. Antiserum No. 10 Obtained from 4 L 9091 serum after immunisa- 





Frequency and Strength of Reaction 








0 5 I0 15 
Agglutination Reaction 




Nos. of animas 
-ve -4`T(= 
61 23 _ ?4 
Mean agglutination reaction . 6.7 
and S.D. - 0.71 
57 
On testing against the reference panel, seven cells with 
antiaen E were positive, and one cell which did not have E was 
negative. The exact probability of these reactions recurring by 










7 1 8 
The probability was equivalent to 1/80. This meant that 
Antiserum No. 10 appeared to have a specificity for antigen Ee. 
Erzsatasiy_ta1str21ofLec The histogram in Figure 10 
shows clear negative and positive Groups. 
Inheritance of Factor E 
e 
The observed. and expected distribution 
















No. No. Obs. exp. Obs. exp. Obs. exp. Obs. exp. o 
c., 
+ + 7 15 29 32 6 3 48 49 5 L 77 11 88 
+- 3 30 6 7 2 1 5 6 2 11it. 15 
- + 8 17 18 25 9 2 38 47 13 4 56 22 78 




Frequency and Strength of Reaction 
Antiserum No ®102 
40 : lin 3 dilutions 
30 
O 10 20 30 
Agglutination Reaction 
.ntiserum :í 0. 10 
Nos. of a.nimE1 s 
-ve t-Ve 
32 76 = 10:3 
Mean agglutination reaction :: 8.5 
and ä. D. ._ ;11.09 
AA Aa aa 
Gene frequencies 0.383 0.472 0.11.5 
Calculated number 
of parents within = 24 30 9 ..... 63 
population- 
Table 20 
Backcross mating No. of offspring 
3 
MED 
No. 6 10 2 22 
Total observed 27 26 
expected 26.5 26.5 
7 
2 
= .009 + .009 
= .018 for i d.f. 
P = Between 
The facts are in agreement with the opinjon that the gene 
for factor E 
e 
is a dominant mendelian gene. 
10. AntiserumaaL_11 The details of fractionation of this serum 
were described in the section on Matrix Analysis. It was proposed 
in this section, that the antiserum was capable of detecting factor 
Ef. This specificity was confirmed by the Ames Comparison test. 
Qualitative reaction The histogram in Figure il shows clear 
division of positive and negative classes. 
Inheritance of Factor Ef The observed and expected distribution 
of offspring are shown in Table 21: 
Table 21 / 
Fig.I I. 
Frequency and Strength of Reaction 
Antiserum No.II. 
87 
1 in 3 dilutions 
30 
I allal t 
O 5 10 1 5 
Agglutination Reaction 
Antiserum 'c. 11 
-ve -ive 
Nos. of animals 91(4.) 21 = 112 
"-ïEan agglutination reaction = 9 
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AA Aa aa 
Gene frequencies 0.016 0.222 0.762 
Calculated number of 













Total observed 12 13 
expected 12.5 12.5 
TOTAL 238 
siogaw/INOMMIP 
= 0.02 + 0.02 
4- 0.04 for 1 d.f. 
p = Between C.9 to 0.8 
Tables 21 and 22 indicate that factor E 
f 
is controlled by a 
dominant mendelian gene. 
11. / 
- 60 - 
11. Antiserum No. 12 This antiserum was obtained from sow 254, 
and is the second fraction. mentioned in the section on Matrix 
Analysis. It is believed that it detected an unknown factor 
referred to as factor X. On testing against the reference panel, 
this antiserum. only reacted. with the donor cells, and therefore 
appeared to be a new factor, that is, it was additional to any of 
the known antigens. Details of its final analysis are given in 
Appendix B(x). 
Qualitative reaction Like the other antisera, the historam in 
Figure 12 shows clear division of positive and negative classes. 
Inheritance of Factor X Table 23 gives the observed and expected 










































AA Aa ea 
Gene frequencies 0.032 0.185 0.783 
Calculated number of 










I in 3 dilutions 
0 5 '0 15 
Agg lut i nation React ion 
Antiserum No. 12 
-ve +ve 
Nos. of animals 139(6) 25 = 164 
Mean agglutination reaction = 10.1+ 
and S.D. = +1.19 




Backcross matir_g s No. of offspring 
-i 
1 
2 6 8 
'w'ot4? observed 12 10 
expected 11 
7_2 = 0.09 -i- 0.09 
11 
= 0.13 for 1 d.f. 
p Betwee =a 0.7 to G.5 
The new factor X appears to be controlled by a mendelian 
dominant gene. 
12. Antiser11: 1,,. 13 An incomplete agglutinin obtained from the 
serum of sow 1.4 - 3457 after imaunisation with cells from so 
B3 - 255. Fractionation details are given in Appendix 13(xi ). On 
testing against eight cells of the Reference panel, four Ga +ve 
animals showed a positive reaction, and the other four Ga -ve cells 
were negative. The likelihood of this occurring by chance is 
obtained from the 2 x 2 table:- 
Reference cells 




No. 13 )-ve 
The / 
1._ 
The exact probability is equivalent to 1/70. Antiserum 
No. 13 was therefore believed to detect antigen G 
a 
, a fact confirme 
by the Ames Comparison test. 
atLajitiye-ce2.su92-1 The histogram in Figure 13 shows clear 
division of positive and negative classes. 
Inheritance of Factor G 
a 
Observed and expectea distribution of 


















.5st ) S I 4 TOr:!YL 
-------- 
+ - + 
+ - 

































AA Aa aa 
Gene frequencies 0.101 0.1,32 0.467 
Calculated number of 
parents within = 6 27 30 = 63 
population 
Backcross matings / 
Fig.l3. 
Frequency and Strength of Reaction 
Antiserum No.13. 
1 in 3 dilutions 
0 5 10 15 
Agglutination Reaction 
.int :serui ro. 13 ... . 
-ve -we 
Nos. of animals 59 50 = 109 
Mean agglutination reaction = 7.7 
ana S.D. _ +1.07 
Backoross aatiaas 
No. 
Tr hl e 26 .,.,..,..,.,..,.. 
Backcross ae.tings 
9 
No. of offspring 
+ 
No. 4 7 1 
Total observed 56 
expected 57.5 57.5 
72X,2 _ 0.039 + 0.039 
0,078 for 1 d.f. 
P _ Between 0.8 to 0.7 
kntiserum No. 13 appears to detect character Gas which is 
controlled by a mendelian dominant gene. 
13. .Antiserums No. 14 An incomplete agglutinin obtained from Sow 
TH 262 after immunisation with soy: P 3760 cells. Details are given 
in Appendix B(xii). It was believed that an antibody to antigen 
Gb had been produced, because all the reference cells were CTS 
positive and reacted positively. However, there were no aTb nega- 
t_ c cells available other than the recipients to confirm this 
observation. Its ability to detect 
Cb 
was confirmed by the IMES 
Comparison test. 
Qualitative reaction The distribution of the Groups in the histo- 
gram in Figure 11+ is qualitative. 
Inheritance of G. No segregation details can be given, because 
Antiserum No. 11+ was isolated after completion of the typing of the 












1 in 3 dilutions 
1 
O 5 IO 5 
Agglutination Reaction 
Antiserum No. 14. 
-vG +ve 
Nos. of ani._:w'ls 12 137 
Mean agglutination reaction _ 6.5 
and. S.D. _ +0.71 
et 
4. TESTS FOR ASSOCIATION AND LINKAGE BETWEEN ANTIGENS:- 
The family studies confirmed that the various antigenic 
factors were heritable, and therefore must be controlled by genes. 
Some Of these genes may be linked on the same chromosome.. To 
investigate this possibility, two different methods can be applied. 
The first method is statistical, and involves testing the 
eilie Dee., osice 
independence of each antigen against one anotler in 2 x 2 contingen 
A 
tables. A null hypothesis is adopted by assuming that the distri- 
bution of the numbers making-up each of the four classes in such a 
--rH4-r 13Y cHiloce Ateive, 
table is not different from6expected 
N If there is a disproportion 
in any class, then the probability of this occurring by chance alone 
can be assessed. This probability only gives an indication of 
many times one would have to repeat such a test before getting the 
same result again. If the probability is less than 0.05, however, 
--1-14 AO CHA fki c 
then it can be assumed, that some bias must be present to upset the 
independence of either factor. By measuring the frequency of 
occurrence of one factor against anotler in a random population, it 
is possible to see where these two factors occur more frequently 
together, that is positively, or where they occur infrequently 
together, that is negatively. Either type of association may mean 
some form of linkage. 
By the second method, either forOof association can be 
explained genetically. In the positive association, the reason may 
be that two antigens are controlled by two genes on the same chromo- 
some. Alternatively, in the negative association, one gene may be 
on one chromosome, and the other on itts homologue. 
The / 
The ideal type of mating to establish this genetic 
linkage is the double backcross mating. As explained before for 
the single backcross, a heterozygous type mated to a recessive for 
the character should give an expected segregation ratio of i 
in the offspring. In the double backcross, animals heterozygous 
for two antigens mated to double recessives will give a segregation 
ratio of1:1:1:iin the offspring. Referring back to the 
positive type of association, where two genes are positively linked 
on the same chromosome, this may appear in a double backcross matins 
as follows:- 
Assuming one gene to be A and the other B, their allelo- 






Ae/Bb x aa/bb 
(GccliewitiuTs ) 
Aa/Bb Aa/bb aa/Bb aa/bb 
If the segregation ratios conform as above, then the 
N M 0 L=2 
genes A and B cannot be linked, but if the of AWBb and 
aa/bb genotypes, or non-recombinants is significantly ir*@,.4,ptiL than 
A t2&- 
Aa/bb and aa/Bb genotypes, or recombinants, then they ean linked. 
Where it is found that the A and B genes occur together in the 
heterozygote, they are said to be in coupling. Their genotype is 
expressed as AB/ab showing that they are on the same chromosome. 
The converse holds true of the negative type of associations, 
where the two genes A and. B never occur together on the same 
chromosome, / 
et 
chromosome, except when crossing over occurs. In this case the 
heterozygote is said to be in repulsion for these two genes. This 
genctype is expressed as Abe/eh. in this instance the ratio oÍ 
recombinant type offspring will be significantly greater than non- 
recombinants in a double backcross mating, 
A knowledge of the proportion of recombinant to non-. 
recombinant classes in the offspring in cases where two genes are 
known either to be in coupling, or repulsion will give an estimate 
of the percentage crossing over of the chromosomes carrying these 
genes. This can be expressed as a linkage value referred. to as 
the recombination fraction. The closer two genes are together on a 
chromosome, then the less chance there is of them becoming divided 
due to crossing over of the chromosomes. The classifying of 
closely linked genes or alleles for antigenic factors establishes 
these factors in different systems. 
-seeeeee 
1. 1na_TestsofiT4ellees: Oniovalues and exact probabilitie 
were calculated where stated on all the following 2 x 2 tables:- 
?actor 2 or Eb 
Factor I 4 29 
or A 
73 31 lot 
2 
for 1 d.f. = 009 









Factor 4 or K 
a 
Factor 5 or Ea 
Factor 1 + 16 25 4.1 Factor 1 + 16 
Or A - 
4.6 58 104 
x2 for 1 cl.,f. 
Factor 1 
= .074. 
Factor 6 or K 
a 
Similar to Factor i+ 
or A Factor 1 + 9 
or .A - 20 
36 68 141+ 
x2 for 1 d.f. = 400 




Factor 9 or E 
or A 
20 84. 104 
DC for 1 d.f. = .032 
Factor 10 or Eo 
+ 
Similar to Factor 5 Factor 1 + 31 
Factor 11 or Ef, 
+ 
or A 
75 29 104. 
x2 for 1 d. f. _.. 
Factor 12 or X 
Factor 1 + 8 Factor 1 + 
or A 
21 83 101+ 
or A 
,2 
for 1 d. f. = . 0019 K: 2 for 1 d, f. .= Ink 
Factor 13 or á 
Factor 1 + 21 
or A - 2 
48 56 104 
for 1 d.f. = .069 2 
Factor 3 or :I 
+ - 
Factor 2 + 57 16 ?3 Factor 2 + 32 
Factor 4 or Ka 
or E8 - or Eb - 74. 
811.. 20 1011. 46 58 104 
72 for 1 r3_.f. = I 14. 
Factor 5 or E 
Factor 2 + 23 
or. Et - 
2 for 1 d.f. = .001 
Factor 6 or IC 
a a 
36 68 
',K2 for 1 d.f. = 1. a0t 
104. 
Factor 2 Similar to Factor 4 
or Eb 
Factor 8 or Fa Factor 9 or Ea 
Factor 2 + 12 61 73 
or Eb - 
20 81+ 101+ 
2 for 1 d.f. = 1422 
Factor 10 or Ee 
+ 
Factor 2 + 141 29 ?3 Factor 2 + 5 68 73 
Factor 2 Similar to Factor 5 
or Eb 
Factor 11 or Ef 
+ GO 
or Eb - 
-le- 
75 29 104 
^ Z of 1 d.f. = 15.45 
Factor 2 + 
or Eb 
Factor 12 or X 
11 93 
x2 for 1 d.f. = 1.1+2 
or Eb - 16 
21 83 1014. 
],( 2 for 1 d.f. = 27.06 
Factor 13 or Ga 
+ 





48 56 104 
X 2 for 1 d.f. = .052 
Factor 4 or 
Ka 
+ 
Factor 3 + 27 
or Kb - 
- 69 
Factor 5 or E 
a 
8i. Factor 3 35 
20 
46 58 104 








Factor 6 or K 
a 
or 7 1 1 20 
36 68 104 
2 for 1 d.f. = 
Factor 8 or. Fa 
Similar to Factor 4 




20 84 104 
Y 2 for 1 d.f. = 400 
Factor 9 or Ea J Factor 10 or Ee 
+ 
Similar to Factor 5 Factor 3 + 63 




for d.f. = .24 
Factor 13 or Ga 
104 
+ 
Factor 3 + 37 4-7 84 
or Kb - 11 9 20 
1+8 56 104 
T 2 for 1 d.f. = .078 
or 
'<b 
75 29 104 
1x2 
for 1 d,f. = 1 1 
Factor 12 or X 
+ 
Factor 3 + 10 
or b 
11 93 104. 
2 
for 1 d.f. = .`64. b 
Factor 5 or 
Ea 
Factor 6 or K 
a 
+ - + 
Factor 4 + 9 37 46 Factor 4. + 46 0 46 
or Ka - 27 58 or Ka - 0 58 78 
36 68 104 46 58 104 
°x2 for 1 d.f. = 2,g1 
Factor 8 or F 
a 
+ 
Factor 1+ + 9 37 4 -6 
or Ka - 1 58 
20 81+ 104 
TX-, 
2 
for 1 d.f. = .0059 
Factor 10 or E 
e 
Factor + 31 
or á - 44 
75 29 104 
-K ? for 1 d.fa = ., 9 
Factor 12 or X 
(' 2 for 1 d. f . = i Jt.0 
\ Factor 9 or E 
.s.rw.NIOeINIw:e. 
Factor 4. Similar to Factor 5 
or __ 
a 
Factor 11 or Ef 
+ - 
Factor 4 + 
or Ka - 12 
21 83 104 
2 
--A for 1 d.f. .002 
Factor 13 or i 
a 
Factor !f + 46 Factor 4 + 23 23 46 
or Ka - 10 58 or Ka 
- 2 
aaa,c ti probability = .012 
Factor 5 + 
Factor 6 or K 
a 
x2 
48 56 104 
for 1 d.f. = 4.01 
Factor 8 or F 
a 
or E - ,7 68 or Ea 
46 58 104 
7,K 2 for 1 û.f. = 8.25 pc, 2 for 1 d.f. = 
Factor 9 or Ea 
+ - 
Factor 5 + 36 0 36 Factor 5 + 36 
or E 68 or E 
a 
- 71 - 
:Factor 10 or B e 
+ 
36 63 104 
,2 
for c7.f. ; 10C 3_7 
Factor 11 or , 
+ 
75 29 104.. 
'")( 
2 
for 1 d.f. _ .1.9.73 
Factor 12 or X 
+ 
Factor 5 + 2 36 Factor 5 + 3 á3 36 
or E 
a _ __._ a 
21 83 104 11 93 
Exact probability = .00} :X\2 for 3 d.Á. = 0.29 
Factor 13 or Ga 




-2( 2 y for 1 d.f. _ 1.96 
Associations for Factor 6 exactly similar to Factor 4. 
Factor 9 or Ea 
+ 
Factor 8 ± 11 
or Fa - 
X2 for 
36 63 104 
104. 
Factor 10 or E 
e 
Factor 8 + 16 
or Fa - 59 
20 
75 29 104 
2 
for 1 ü.f. = 




Factor 11 or ` f 
21 83 
IX 2 for 1 d. f. 1. 
`actor 13 or G 
104 
+ 
Factor 8 + 12 8 20 
or F 84 
48 56 104 
x 2 for 1 d. f. = 1.9 
-72- 
Factor 12 or X 
*(2 
for 1 d. f, = Ita 
Associations for Factor 9 exactly similar to Factor 5 
Factor .i 1 or E 
l 
+ 
Factor 10 + 21 
or E 
e 
- 0 -- 
21 83 
2 
for 1 d.f. = 88.45 
Factor 13 or Ga 
104 





x2 for 1 d.f. 
Factor 12 or X 
Factor 10 + 10 
or E 
e 
Exact probability = .112 




Factor 12 or X 
11 
:')(2 for 1 d,f. 




Factor 12 + 2 9 11 
or % - 4 47 
48 56 l04 
Factor 13 or Ga 
Factor 11 + 9 12 29 
or Ef - 
4.8 56 104. 
`Y 2 for 1 d.f. = 411.1 
Exact probability = a46 
A summary of the probabilities for association between 
antigens is given it Table 27. Positive associations are given 
in red and negative associations are given in blue.. 
2. Association between anti. .ens: The information obtained 
from Table 27 indicates that the following categories exist: - 
(a) No association Antigen .. shows no association with any other 
antigen. 
CO Positive association 
(i) Antigen Eb Associated with E. All animals tested 
appear either and Et, positive, or Eb +ve and Ee -ve, or Eb -ve 
and E +ve. No animals were negative for both antigens. On 
e 
investigating all animals tested for these two a.nti,7ens, a double 
negative has not been obtained. This type of association may be 
explained genetically as two antithetical alleles at the same locus. 
Segregation studies are necessary to confirm this hypothesis. 
(ii) Antigen Kb Associated with IKa. Only one double 




Summar of robabilities of association between anticens 
Antigens 
A K. ?L ; K 
a 
Fa E X 
1 
a a a a e f 
2 3 4 5 6 8 9 10 11 12 .,.. 
G 
_ _-.,......a..,,..._.._.-._.....,.. _ _ 
0.8 - 0.9 - 0.8 - 0.9 - 0,2 - 0.9 - 0,2 - 0.2 - 0.8 - 0.8 - .05 
a 2 
0.7 0. 3 :? ` u.8 0, i 0.3 u.1 0.1 0.7 0 . 7 -.02 
X 12 0.8 - 0.3 - 0.9 -- .0118 0,7 - .0118 0.3 - 0.7 - .112 0,3 - 
0.7 0,2 0.8 exact 0.5 exact 0.2 0. exact 0.2 
f 11 0.98- .001 3.9 - 0.93 - .0057 0.93 - 0.3 - .0057 .01 
o.95 0.8 0.95 exact 0.25 0.2 exact ,001 -- 
B 10 0.9 - .001 0.2 - 0.8 - .001 0.8 - 0.8 - .001 
e 
0.8 ß.1 0I__ ó.7 ó.7_ ....._____.e.. 
' 0.9 - 0.5 - ,01 .01 .001 .01 .05 
a 
0.8 0.3 -,001 -.001 -.001 -.02 
a 8 0,9 - 0.3 - 0.98 - 0.95 - .05 0.95 -- - 
0.8 0.2 O. O. - 02 0. 
K 6 0.8 - 0.98 - .001 .001 .01 
0.7 0.95 ®.001 - M..- -.a. ...,.. ._. 
Ea 5 0.p9- 0.`i- .01 
Jew .._.. 
.01 
.O.0 0. -.001 -. VV 1...-_.»..,,e.,,.._.. _. 
Ka 4 0.8 - 0.98 - .001 
... .... 
0.7 0.95 
Kb 3 0.9 - 0.3 - 
0.8 0.2 
Ela 2 0.98 - 
0.95 
Values for p taken from Table IV - statistical Tables - Fisher ee Yates (1953) 
All but one animal out of 36 positive for E 
a 
were also 
This might have suggested a mixed antibody positive for Kb. 
effect, or a sub-group, that is, antigen Ea could appear alone, but 
antigen K 
b 
when present only occurred when E 
a 
was present. The 
presence of one K 
b 




(iii) Antigen Ea 
for E but E animals 
e e' 
(iv) Antigen E0 
also positive for e; 
e 
, 
(v) Antigens K 
All E 
a 
positive animals were also positive 




above, E f positive animals were 
but E animals can be independent of Ef. 
e 
and E The comparable specificities of 
a a 
the Antibodies 4 and 6 and. 5 and 9 respectively is fully illustrated 
by the 2 x 2 tables. 
(c) Negative associations 
(i) Antigen E1 Very few Eb positive animals are positive 
.resialsmommomasmasoussn*. 
for E. 
(ii) Antigen Ka 
---------- 
Very few Ea positive animals are positive 
for K 
a 
, and vice versa. The same type of picture is presented 
with Antigen X. 
(iii) Antigen Ea Slight negative association with F 
a 
but 
this may not be significant. A larger sample may be necessary to 
confirm this trend. 
Also, negatively associated with Ef. Most animals 
negative for both factors, or positive for one aad negative for the 
other. 
(iv) Antieen 12 or X A slight negative association with Ga. 
2. / 
3. Gene linkage: To establish linkage beteeen any two genes 
controlling antigenic factors where association is believed to be 
present, it is necessary to consider all backcroes matines involving 
these :ones. Unfortunately, within the scope of the family data 
investigated, there were only a few matings of this type. As in 
the instance of the single backcross, the heterozygous genotype had 
to be assumed on the basis of matings between a positive and negative 
parent, will Produce at least one negative offspring. 'or the 
double backcross, matings had to be found where one parent was 
positive for two antigens and the other parent was negative for 
both, and at least one of the offspring in either case was negative. 
Al l backcross matings relevant to the associations given 
above have been extracted from the family material where possible, 
and are given below; pairs of antigens showing positive association 
are considered first:- 
(a) Positive association: (i) Antigens Kh and. E a 
In all the 
wiftence.wmereoefiat"- 
available backcross matings involving these two antigens, there were 
no heterozy8ous boars, so that all the data is based on matings 
between double negative boars and heterozygous sows. The segrega... 
tion of offspring is riven separately for each family in Table 28. 
To simplify writing the genotype, the gene for antigen K is called 
K and its allelomorph k, whereas E represent5E 
a 
and its allelomorph 
is e. 
Table 23 / 
-76- 
Table 28 
____. _ _ 
7jating 
_. 




































5 5 5 
The deviation of K,k segregation from i 1, and E,e from 




(10 + - 2)2 
20 
= la-JILLUL p = Between 0.1 and .05 
2 (P E = 
(10 - 4 + 4 - 2)2 
. 20 
= It2 for d.f. p = Between 0.1 and. .03 
The joint segregation or linkage between K and E can be 
calculated fro fq the followim7; formula:- 




= 0.8 for 1 d. p = Between 0.5 and 0.3 
There appears to be evidence that the genes for antigens 
Kb and E 
a 
are .egragatinf; independently. 
401 





family from one heterozygous boar for these to antigens is avail- 
able. The remaining familief.; are compiled from matings between 
heterozygous sows and double negative boars. Let genen A,a 




Segregation of offspring 
:; 0 
AaBe aaee 
AaEo Mee aaEa aaee 
ist Family 3 0 0 3 































The recombination fraction does not appear to....d.iffer 
between the male sna female side, and the pro5Aact of the two 
fractions are considered. Although there is no additional informa- 





coupling or repulsion, the evidence seems clear that they are in 
coupling. The deviations from expected are calculated as follows:- 
20 
34 
1.06 for 1 d.f. 
OW 78 
p = Between 0.5 and 0.3 
2_ %2 
20 - 0 4.0 7 14) 
34 
= 1.06 for 1 d.f. p . Between 0.5 and 0.3 
2 
L la=2 4- =3 14)2 = 
34 
3k for 1 d.f. p = .001 
There is good evidence to show that the individual 




is good, but they 
are not segregating independently of one another. This appears to 
indicate the existence of linkage in tee coupling phase. 





from heterozygous sows and double negative boars were available. 




Segregation of offspring 






















The probability values for deviation from expected are 
calculated as follow: 
-79- 
" 15 
_ 0.6 for 1 d_f. p Between 0.5 to 0.3 
X 2F L.:7.2 '- 5..,.1. 
= 0.067 for 1 c1.f . p = Between 0.8 to 0.7 
2 (?_ .....-. 
15 
')(z L coR RecTL'D fg,( 
\Aies fi Q.i Lts TMGN Ì -- " 2 
Id+ for 1 d.f. p = 0.02 ( ct.f. (f) 0 t fo o. 
There appears to be evidence of linkage between the genes 




in the repulsion phase. 
The intensity of the linkasre can he measured by calculatryrr 
the recombination fraction, where p is this fraction. (Mather, 
1951). 
D = a1 + ah. in repulsion 
n 
= 3 = 0.2 or 20 
15 
follows:- 
The standard error for this value may be calculated as 
p -' n _- 24.123_21:_102i 
It would appear that the factors Ea and Fa are controlled 
by linked genes with a recombination value of 205% The precision 
of this estimate has a variance of 10;4 . 
(ii) Antigens Fa and .Úf Only one 
family was available to show back-cross segregation. In this family 
the sow was hetcrosygous for the two antigens. Let genes A,a and 
F,f represent the t,ro aatigons respectively in Table 31;- 
Tab1.3 31, 
Table 1 
Mating sy,rsn ; segregation of off pri g
4 9. 
aaff X AaFf AaFf Aaff a,aFf aaff 
1st p r2.mi.ly 0 3 3 0 
expected 1.5 1.5 1.5 1.5 
The numbers do not appear to be adequate to apply a 
statistical test. 
5. AMES INTERNATIONAL COMPARISON TEST:- 
In November, 1962, the first international comparison 
test of its kind for pip, blood groups vvas organised by Dr, Andresen 
from .ernes. The object of the test was to compare the specificities 
of antibodies obtained and isolated by different laboratories 
independently of one another. Those laboratories where work on 
pig blood groups was developing were invited to participate. 
Aliquots of the same samples of blood. from 20 Duroc and 
20 Karspshire pigs were sent to seven laboratories. Each laboratory 
blood typed these samples with the antibodies they had isolated, 
and sont their report back to the Agnes Laboratory, who also parti- 
cipated. On obtaining the results from all the laboratories, 
they were compiled and. compared. Only those tests relevant to the 
antibodies described in this ü.issertation are given in the follo-Ang 
Tables 32 to 35. 
The eight laboratories participating were located as 
follows : - 
1. / 
-81 . 
Depart =t of Veterinary Clinical Studios, 
School of Veterinary Medicine, 
University Dr Cambridge. 
2. Animal nreeding Research Crgcnisation, 
6, South Oswald Road, 
7;dinbur h, 9. 
3. Veterinary Institute of Slovenia, 
Ljubljana, 
Yugoslavia. 
t,_. Faculty of Agriculture, 
University of ilovi Sad, 
Yugoslavia. 
A 
5. Iierarztliches Institut der ïJnivesitat GEitting,en, 
Rest Germany. t 
6. Antienic Laboratory, 
Iowa State University, 
Ames, 
U.S.A. 
7. Afd, for pysio7 oi, 
Endok-rinologi og :Blodtypef orskning, 
Den kgl. lretLrina.er-og I,ancl.bohtl jskole, 
Copenhagen, 
Denmark. 
ó. Laborator Pro ßio7.ogii, 
Prague, 
Czechoslovakia. 
DISCUSSION ON RESULTS:. 
The object ^f this part of the dissertation has been to 
demonstrate the exist^ncc of different blood group factors on the 
er "throcytfs of pig blood. The results show that natural, isoá.mmune 
and heteroinunune antibodies can be used to identify these factors. 
Evidence is also preen tee? to show that they are controlled by 
mendelian genes. These genes express themselves in a dominant 
manner, in that, the antigenic factors they control are detectable 
when present, providing their particular antibody is used. 
no / 
8 I a 
Table 32 




2 2 3 4 4 5 6 7 8 
A No. 1 No. 15 J A A A A A A 
A A 22 22 
1 2 3 5 6 7 8 
Eb No. Kb Eb Eb Kb Eb 
- 
1 2 4 4 5 6 7 7 8 
Kb No. 3 Kb Kb Kb Kb Kb Kb Kb 
Animal 
D1 . . . + + + + + + + + + 
D2 + + + . . . + + + . . . . 
D 3 + + + ++ + +++++ + + + + + + + + + + + + + + + 
D 4 . . . . . . . . + + + + + + + + + + + + + + + + 
H 5 + + + ++ + +++++ + + + + + + + + + + + + + + + 
D 6 + + + ++ + ++++. . + + + + . + + + + 
D 7 + . + + ++ . ++++ + + + + + + . . 
D 8 + + + ++ + ++++. . + + + + + + + + + 
H 9 . . . . . . + + + + + + + + + + + + + + + + 
H 10 + + + + + + + + + + + + + + + + + + + + + . + + + + 
H 11 . . + + + + + + + + + + + . + + + + 
H 12 + + + + + + + + + + + + + + + + + + + + + + + + + + 
H 13 + + + ++ + +++++ + + + + + + + + + + + + + + + 
u 14 . . . . . . + + + + + + + + + + + + + + + + 
A 15 + + + + + + + + + + + + + + + + + + + + + + + + + + 
H 16 . . . . . . . + + + + + + + + + + + + + + + + 
H 17 + + + + + + + + + + . + + + + + + + + + 
D 18 . . . . + . . . . . . . + + + + + + + + + 
H19 . . . . . . . . . . + + + + + + + . 
D 20 + + + + + + + + + + . . + + + + + + + + + 
D 21 + + + + + + + + + + . . . . 
D 22 . . + + + + + + + + + 
D23 . . . . . . . . . . . . + + + + + + + + + 
D24 . . . . . . . . . . + + + + + + + + + 
D25 . . + + + + + + + + + 
D 26 + + + ++ + ++++. . . . 
H27 + + + ++ + +++++ + + + + + + + + + + + + ,+ + + 
H 28 + + + + + + + + + + . + + + + + + + + + 
H 29 . + + + + + + + + ' + + 3L . + + + + 
D 30 . . . + + + + + + + + + 
H 31 . + + + + + + + + + + + + + + + + 
H 32 . + + + + + + + + + + + + + .+ + + 
D33 ..... . . . 
H 34 + + + ++ + +++++ + + + + + + + + + + + + + + + 
D35 . . . . . + + + + + + + . . 
D36 + + + ++ sL+++++ + . 
H37 + + + ++ + ++++. . + + + + + + + + + 
H38 + + + ++ + +++++ + + + + + + + + + + + + + + + 






1 1 2 2 3 
Ivo. No. 
Ka Ka 4 6 Ka 







4 5 6 7 8 
Ka Ka Ka Ka Ka 
14 
1 2 2 3 3 5 6 7 8 
No. No. 
Ea 5 9 
Ea 
Ea 
Ea Ea Ea Ea 
2 Ea Ea 
Animal 
D 1 + + + + + 4- + + + + + + + + + + + . + I 4 
D 2 + + + + + + + + + + + 
D3 , . . , . . . 
D4 . , . . . . . 
H 5 . + + + + + + , + + 
D 6 + + + + + + 4- + r + + + 
D 7 + + + + + + + + + + + + 
D8 . . . . . . . 
H9 . . . . . . . . . . . . + + + + + + + + + 
H 10 + + + + + SL + + + + + + + + + + i 1 + 
H 11 + + + . + + . + + + + 
H 12 , . . . . . . + + + + + + + + 4 
H 13 
ii 14 . . .4 . . 
. + + + + + + + + a- 
+ + + + + 4 + I + 
?i 15 . . . . . . . 
H 16 . . . . . , + + + + + + + + + 
.. 17 . . . . . . + 4- + + 4- + + + + 
D 13 + . . + . 4 . . + + 4- + 
H 19 + + + + + + + + + + + 
D 20 + + + + + + + + + 4- + + 
D 21 . + + + + + 1 + + + + 
D 22 + + + + + + 4- + + + 
L 3 + , + + 4- + + + + + + 
D24 . . . . . . 
D 25 . . . . . . + + + 4 + r 4 
., 26 + + + + + + + + + + + 
H 27 . . . . . . 





4 + + 














+ . . . . .. 
': 31 + 4- + + + + I f + 
:: 32 + + + + + + + . + + + + + 4 + I- . - + 
D 33 + + + + + 1 + + . +- + /- 





+ + + 



















H37 . . . . . . . + + + F + 
'? 38 . . . . . . + I . + , i I + + 
H 39 , + + + I. , . + 4- + 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































No attempt has been made to classify individual pigs on 
the basis of natural antibodies occurring in sera, other than the 
detection of the A substance. Previous reports on this subject 
(c.f. Review of literature) have not been very satisfactory, and 
circumstances were such that a reliable investigation could not be 
made, because of the widespread use of crystal violet vaccine amongs 
the experimental herds. The most satisfactory approach to the 
whole subject of detection of natural isoagglutinins and soluble 
blood group substances, would appear to be along the lines of 
Springer et al. (1958), who in chickens used. °disease free' birds. 
Also, in this instance it would be necessary to maintain an 
unvaccinated herd of pigs. It is hoped that investigations along 
these lines will be attempted in the future. 
The detection of the A substance on pig cells by the use 
of natural anti -J serum from cattle was practicable. This was 
demonstrated by the comparison test. In this test, another antibody 
called No. 15 was used, which was isolated. from a pre- injection 
sample of serum from a sow. This appeared to be a natural haemo- 
lytic antibody, which reacted with type A cells. It has not been 
discussed in this dissertation, because it was only discovered at 
the end of the family studies. In the comparison test it can be 
seen that this antibody failed. to detect the A substance in animal 
No. 2, whereas the anti -J serum was positive. This result is not 
in agreement with Saison (1962), who used pig anti ., sheep anti -R, 
cattle anti -J and cattle anti -sheep O in a comparison test. Of 312 
abattoir samples tested, 195 reacted with the cattle anti -sheep O; 
87 reacted with the pig anti -A and sheep anti -R; whereas only 82 
of these 87 were positive to the anti -J. The remaining 30 samples 
were / 
83 - 
were negative to all four antisera. This discrepancy could be 
explained in terms of potency of the different anti-J sera used, 
because it is known that there is a marked seasonal variation in 
the potency of J antiserum, with a peak in the Autumn months 
(Jamieson, 1963). No. 1 antiserum was obtained, in the month of 
October. 
It is also claimed by Andresen, that he has detected 
exceptions to the theory of dominant inheritance for the cellular 
A substance (1962). He states that, "Family data, has been con- 
firmed, that the cellular A substance can be present in offspring 
from parents which do not possess this substance on their red cells 
as detected in a conventional haemolytic test with a potent reagent" 
None of the 25 families examined and listed in this treatise were 
exceptions to the theory of dominance. It is not stated, by 
Andresen, however, if he attempted to detect the A substance in the 
sera of the respective parents by means of a haemolytic inhibition 
test. 
The use of isoimmune antisera as a source of identifying 
antibodies for the demonstrationof antigenic individuality of pig 
red cells has been confirmed, in this study. It has also been 
shown that certain antigenic factors appear to be associated, with 
one another, and may therefore be controlled by allelic genes at 
the same locus on a chromosome. All the E factors show a positive 
association with one another, and allelism has been provee in the 
case of the h 
a e 
and E genes. The latter is an interesting 
association, because the Be factor does not exist by itself, and 
only appears in combination with E. This is consistent with the 
mosaic I 
mosaic structure of red cell agglutinogens, or multiple ailelisra as 
proposed by Wiener and Wexler (1952). The E system in pigs as 
defined by Andresen (1962) appears to be confirmed to a certain 
extent by this study. He has proposed that the following pheno- 
groups (i.e. groups of agglutinogens) are controlled by five allelic 
genes:- 
Andresen's E system of pigs 
Genos Phenogroups Reaction with six reagents 












































were not found in this investigation. However, the emergence of 
Et, and E 
e 
as contrasting factors was shown b. the 2 x 2 contingency 
table. No individuals were found lacking both characters. On 





Eb/Ee and Ee/Ee the random distribution of these types was calculate 
and compared with expected within the Large White parent population. 
This population was chosen, because all the possible phenotype 
matings were present, and the distribution of the offspring for 
these different matings could be shown and compared with expected. 
The results are given overleaf:- 
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No. observed 9 14. 5 
Gene frequencies calculated .326 .496 ,184. 
No. expected 9 14 5 
This population of Large alites appeared to be in a state 
of genetic equilibrium for these two factors. 
Distribution of E 
b 
and E phenotypes among 108 offspring 
e - 
11.111011111111IMMOIMIN100111 
from 21 Large -hita families 
Mating type 
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ipEe x EbEe 





















0.6 for 1 d.f. 
4.9 for 2 d.f. 
5.4 for i d.f. 
(expected values are given in parenthesis) 
The evidence given above supports the theory that Eb and 
e 
behave as contrasting characters, and therefore form a closed 
"system". One advantage of this type of system is that the pheno- 
type reflect the genotype, and homozygotes may be distinguished from 
heterozygotes on blood type alone at this locus. 
A / 
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A positive association has also been established in the 
2 x 2 tables for Ka and Kb. This observation supports the claim 
by Andresen (1959c), that these characters are produced by allelic 
genes in the I system. From the eresent data, it appeared at first 
that these factors might be contrasting, but the existence of a 
dou le negative animal amongst the parent population and six emongs 
the offspring overruled this explanation. Further evidence in 
several families involving the segregation of these two factors 
suggested that at least one other allele must be assumed to explain 
the results, For example, in three families of mating type 
K(a b+) x K(a + b+) six offspring appeared of type «a + b-), 
also in eleven matings of type K(a + b-) x K(a - b+), 32 offspring 
'Jere type K(a - b+) and five were K(a + b-). 
To test the genetic equilibrium of these two factors 
within the parent population, then the existence of a third allele 
K- was assumed. The existence of three alleles in this system 
nakes it similar to the human ABC system, and the same method for 
calculation of the geee frequencies may be adopted. Bornstein's 
improved method (1930) was applied to the data, and the following 
gene frequencies for the three alleles were obtained:- 
gene frequencies Ka .264; Kb .586; K- .148 
As the number of genotypes 1-m(m + 1) 6, where a 
represents the number of alleles, then the number of genotypes 
exceeds the number of phenotypes. According to. Cotterman (1954), 
therefore, a state of genetic equilibrium is expressed by the 
b N2 expansion of the polynoae + qK + ..../ Each parameter 
in the expansion give the relative frequency of the corresponding 
genotype / 
87 
genotype. This means that the expected frequencies of the differen 
phenotypes within the population can be calculated from the formulae 
2 
given below, and. the deviation from observed calculated as c 
value:- 





No. Observed No. expected 3C 2 
K(a4b0,) .19 n(P2 + 2p.r) = 15.392 0.85 
K(a-b+) 57 4(q2 -1- 2clor) := 53.664 0.21 
K(a+b+) 27 2n.P.q. = 32.178 0.83 
nr = 2.278 0.72 
,210,,..,..rAtstaselnosallal.rr 
Total = la = n Total = 2.61 for 6.f. 
The observed ana expected figures show good agreement, and 
it may be concluded that the parent population investigated was in 
genetic equilibrium for the genes controlling blood group factors 
Ka and Kb. 
One Laportant feature of the comparison test was the 
confirmation that Antiserum No 14 had a specificity for character 
Gb. Andresen (1961) claims that factors G 
a 
end Gb are contrasting 
characters controlled by two allelic genes within the G system. 
The possibility of association between these two factors was not 
investigated in the parent population. However, in all the animals 




the independence of 









221 7 228 
.88- 
2 02 - 121:5 17- 7 - 228 = 10,8 for 1 d.f. 
= 221 x 7 x 83 x 145 
The likelihood is so great that there appears to be 
considerable evidence to support the claim that these factors are 
contrasting. 
As a result of statistical analyses, there is a certain 
amount of evidence to suggest that linkage exists between some of 
the factors. For example, the factors Ka ana Kb may be linked to 
the E system. The positive association between Kb and Ea, however, 
could not be proved on a genetic basis from backcross data on two 
families. Obviously, more family data is required to test this 





, but again the evidence is based. on a limited number of 
families, Andresen (19594 has suggested that each system may 
represent a pair of autosomal chromosomes, but does not mention 
the possibility of linkage, or that several systems may perhaps 
belong on the same pair of chromosomes. The evidence presented in 
this thesis throws considerable doubt on the suggestion of one 
system, one chromosome, but further proof in the form of suitable 
backcross data is required. 
The remaining factor, called X appears to be new antigen, 
possibly linked to the K system. The frequency of this antigen 
within the parent population was equivalent to 0.172, which is low. 
However, it only appeared in the Large White breed, and for the 
number of animals bled within this breed, the antigen frequency was 
equivalent to 0.407. It also appears from the comparison test, 
that its Antibody No. 12 may have a specificity very close to the 
No. 7 antibody used. by Cambridge. 
PART II - RItìCHFZTC.AL STUDY 
w 89 ..e 
1 INTRODUCTION:- 
The amount of literature on the subject of genetically 
determined biochemical individuality within different specie has 
grown in momentum during the past decade. .E.rly comprehensive 
review of the subject would be beyond the scope of this dissertation, 
and-inadequate compared. to the e*cellent review by Ogden (1961),, in 
which all the information on the subject of biochemical polymorphism 
in farm animals has been collated. 
In this section on a biochemical study, the investigation 
has been confined. to measurement of electrolyte constituents of the 
blood, and electrophoresis of serum proteins by starch gel electro- 
ohcresis. In the latter, the identifications of variants within 
specific protein components, and the control of these variants by 
genes Segregating in a simple .iien1eiia,n manner has also been studied, 
Reference to specific work has been quoted where relevant. 
2. STUDY OF BLOOD POTL, OODIU . LBVBLS IN DIr'-i'Uïa NT BliEEDS 
P PIGS; - 
The first indication of electrolyte variation within a 
species was shown by Derr (1937). In a study in Syria, ho was able 
to classify sheep into three groups with respect to the amounts of 
potassium and sodium in their erythrocytes. In 1954, Evans showed 
that sheep could be classified into two groups on the potassium 
levels of their blood. These groups were called High potassium 
(mean :K value of 36 r. Eq. /litre of whole blood) and Low potassium 
(mean N. value of 13 rn. Eq./litre of whole blood) types. It was 
also found that the whole blood sodium concentration varied 
inversely / 
inversely with that of the potassium. Later, Evans and. King (1955) 
established that these two types are genetically deteriiîne6 in a 
simple mendelian manner, and the HK type is recessive. 
The only reference found giving sodium and potassium 
levels in pig blood was that by McCance and Widdowson (1956a) and 
Widdowson and McCance (1956b). They made estimations on 13 adult 
pigs for sodium levels in the serum, and nine adult pigs for sodium 
and potassium levels in the erythrocytes. In view of the lack of 
knowledge of electrolyte levels within the blood of pigs, it was 
decided to investigate potassium and sodium levels in a large 
number of pigs of different breeds. 
1. Animals invelIkalaa: Blood was obtained from pigs at 
the National Pig Progeny Testing Stations. This material was 
chosen, because it enabled one to compare levels in animals of 
different breeds and families, also of similar age groups, and 
under similar environmental conditions. Facts about the animals 
sampled are as follows:- 
Breed 
No. No. of Av. age 
sampled boar families in days 
Large White 193 56 78.54 
Landrace 118 37 78.68 
Wessex 4.6 17 
Gloucester Old Spots 9 1 131 
2. Methods: Approximately 5 mi. of blood was collected in 
a clean polystyrene bottle containing 50 i u. of heparin. 
(a) Estimation of Sodium and Potassium A volume of 
0.25 ml. of each sample of well mixed whole blood was suspended in 
50 / 
50 ml. of glass distilled water in a volumetric flask giving a 
final dilution of 1 in 200. Estimations on the diluted solutions 
of blood were made in an Eel Flame Photometer. Readings were taken 
and plotted on a known standard graph, and estimations calculated 
in milliequivalents per litre. Prior to each run the machine was 
calibrated and set for two known standards for both Sodium ana 
Potassium. These standards were made-up from stock solutions of 
spectrographically pure KC1 and NaCi in glass distilled water. 
The two NaC1 working standards used were equivalent to 120 and 24-0 
milliequivalents of sodium per litre, and the KC1 standards were 
equivalent to 20 and. 40 milliequivalent of potassium per litre at 
1 in 250 and 1 in 100 dilutions respectively. 
In calculating the potassium levels, these were adjusted 
according to an interference curve which was calibrated to correct 
for sodium interference, as shown by Wynn et al. (1950). At a 
ratio of 1 : 2 of potassium to sodium, this interference could be 
as much as 57). Ratios from 1 : 2 to 1 : 12 of mgns. % sodium 
added to a standard solution of 0.5 mgms. potassium were 
calibrated. 
CO) Haematocrit values These values were estimated on 
whole blood samples by the micro-haematocrit method using capillary 
tubes sealed and spun at 12,000 g. for five minutes. 
(c) Plasma Sodium and Potassium values Estimations were 
similar to the whole blood method. Blood samples were spun and 
1 in 200 dilutions of plasma in glass distilled water made in 
volumetric flasks. 
(d) Calculation of Potassium content of R d Cells By 
estimating / 
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estimating the whole blood and plasma content, and knowing the 
haematocrit value, it was possible to calculate what quantity of 
potassium was present in a known volume of erythrocytes. The 
calculated value for a known volume of cells was adjusted to give 
value equivalent to an erythrocyte volume of IA:, or unit volume 
of cells. 
3. Results: The whole blood levels for sodium and potassium 
ara summarised in Table 36, for four different breeds:- 
Table 36 
1. Whole blood, levels of Sodium m. Eo./litre 
111.650,2111E 
Breed M. Na level S. D. Range 
Large Nhite 
ONMOMIN110.1..111M0101.1.11.1.110,.. 
90.9 + 7.96 - 107.5 
Landrace 89.7 4- 6.3 78.5 - 111 
Wessex 87.5 6.1 71 - 104 
Gloucester Old Spot 84.2 7.7 73 - 92 
2. thole blood levels of Potassium (m. La./litre) 
Breed Av. K level S.D. Range 
Large White 3.7 52 - 73.5 
Landrace 63.0 3.8 53.5 - 72.6 
Tessex 61.1 I. 4.7 51 - 73.5 
Gloucester old Spot 61.1 4. 2.07 57.5 - 65.2 
A comparison of the distribution of potassium levels 
within the Large Mite and Landrace breed is shown in histogram 
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An Analysis of Variance was made on the whole blood 
potassium levels bet, : cen individuals and families within the Large 
Landrace and Wessex breeds. The results are given in 
Table 37 :- 
Table 37 
Analysis of Variance within Breeds: - 
1. Large ihite breed 
Source Sums Degrees Variance 
of of of estimate 
Variation squares freedom (Mean square 
01...swaatszat 
Significance 




1,477 55 26.85 N = 553 N2 = 125 
1,133 125 9.06 
) 
F = 2.96 
Total 
- 
2,610 180 14.5 Significant at 1% 
2. Landrace breed 
Source Sums Degrees Variance 
of of of estimate 




- VAN lips 
Within ------ 
s so,mpzloá 
av-t ILI I=S_ 
Total 1,743.95 111 
762.3 36 21,18 ) N1 _ 36; N2 = 75 
) 
) 
981.52 75 13.09 ) F = 1.62 
) 
15.7 Significant at 5' 
3. / 
[ e c-rwf 6 N 
[ Npt ii 1 t>t,i 
`r. 
3. Wessel: breed 
Source Sums Degrees 
of of of 








) N1 = 16; N- = 28 
) 
) 
28 16.01 ) F = 2.00 
) 
981.78 44 16.36 Sienificant at 5% 
An analysis was also carried out to see if there was any 
variance between the breeds for whole blood potassium levels. The 
results of this analysis are given in Table 38:- 
Table 38 
Analysis of Variance between Breeds 
Source Sums Degrees Variance 
of of of estimate 























NI = 3; N2 = 335 
F 2.54 
Not significant 
The estimation of packed cell volumes in correlation with 
the potassium values revealed that the latter varied in a linear 
manner and showed. a positive correlation. with the haomatocrit 
values. Al]. breeds showed a wide scatter without forming distinct 
groups. A. few samples have been selected at random ana are illus- 
trated in Figure 16. 
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inverse relationship to the sodium, and this is emphasised on 
plotting values against each other as in Figure 17. The distribu- 
tion again was diverse. 
By obtaining the packed cell volume and estimating the 
plasma potassium, which gave an average v1 tie of 7.37 m. Eq./litre 
(4. 0.75)0 it was possible to calculate the actual potassium content 
of the red cells. The values obtained are shown in Table 39 below: 
Talle 39 






Av. K content of red. 
No. of M. P.C.V. percentage, cells in m. Eq./litre 
samples S.D. and range per unit volume of 
cells, S.D. and range 
Large White 120 40.14 + 2.88 141.2 + 5.4 
(33 --51) (131 --156) 
Landrace 67 41.02 + 3.05 140.3 + 4.8 
(33 --49) (133 --157) 
1011061.111010111110f.voreote.. xsa 
11 comparison of the distribution of the erythrocyte values 
for both breeds is shown in the histograms in Figure 18. In both 
instances, the distribution is positively skew. The true values 
are plotted insiead. of logarithmic values. 
The plasma sodium was also estimated in the Large ghite 
breed. An average value of 144. m. Eedlitre (+ 8.86) was obtained.. 
In order to assess the repeatability of individual 
potassium levels in whole blood, 22 animals were resampled after an 
interval of one week. The mean values for the respective weeks 
were 61.6 and 61.2 m. Eq./litre. An ar-ysis of variance was 
calculated on these values to assess whether the variance within 
individual animals was greater than between. The results are shown 
in Table 40. 
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) F = 1.99 
= 21; N 2 _ 22 
Not significant at 
5% but significant 
at 10; 
It appears from Table 40, that the variance was greater 
between individuals, than within, but this variance was not quite 
significant. 
3. STARCH GEL ELECTROPHORESIS 'l'ECHNI'"zi3ES TO DEMONSTRATE SERUM 
PROTEIN VARIANTS:- 
1. Pig Serum ransferrins: The technique of starch gel 
electrophoresis first introduced by Smithies (1955) has been applied 
to this study of serum proteins in pigs. Smithies (1957 and 1958) 
demonstrated that throe beta- globulin or transferrin phenotypes 
existed in human sera, and were controlled by a pair of autosoma1 
alleles with no dominance. Variations within the beta -globulins 
of cattle have also been demonstrated by Hickman and Smithies (1957) 
and Ashton (1957), also in sheep (Ashton, 1958a and b) and pigs 
(Ashton, 1960). 
The methods used to demonstrate the serum proteins to be 
described in this section are based on one dimensional, horizontal, 
starch gel electrophoresis using a discontinuous buffer system. 
Basically / 
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Basically the procedure adopted was similar for all fractions 
investigated, but techniques had to be varied for certa-?n protein 
components; and the methods adopted. will be described where 
appropriate. For the demonstration of transferrins, the following 
methods were used: - 
(a) Materials and methods: (i) Preparation of starch ;el 
A WI suspension of commercially produced hydrolysed starch 
(Connaught Laboratories, Toronto) in 500 ml. of dilute buffer 
solution was heated with shaking in a conical flask over a naked 
flame. The buffer used was similar to that described by Poulik 
(1 957), and contained 0.005 M citic acid and 0.076 M tris (hydro- 
xymethyl) aminomethane. Poulik recommended a pH of 9 for serum 
`protein separations, but in this study of pig transferrins, it was 
found necessary to adjust the pH to 7.6 by varying the proportions 
of these two salts. A mixture of 812.5 ml. of citric acid with 
187.5 :ml of tris gave the desired pH. 
The starch was heated in this buffer until a clear homo- 
genous mixture was obtained, ten air bubbles were removed from the 
solution by boiling under reduced pressure for 20 to 30 seconds. 
This mixture was then poured into pre - heated glass trays with 
removable side pieces. The trays measured 12 x 25 ems. internally 
and. were 6 mugs. deep. On pouring the starch into the tray, a 
thin polythene sheet was .rolled over the surface of the starch, so 
that all air bubbles were excluded. This sheet was then held 
firmly in position by a glass plate placed on top of the tray. 
Gels were allowed to set and stand overnight for approximately 
15 hours, but could be used within 5 hours of pouring provided they 
were placed in a refrigerator at 4 oC, for two hours prior to use. 
(ii) ILIAW122111.1.49212,1 
Serum samples of 0.06 m1. volume were absorbed on to small pieces of 
No. 17 Whatman filter paper measuring 0.6 x 1 oms., then inserted 
into the gel by first cutting across the breadth of the gel at a 
point 5 ems. from one edge. On separating the two pieces of gel 
slightly, the filter paper inserts were then placed separately into 
the channel formed, so that each was evenly spaced leaving a gap of 
3 mms. between each insert. A total of nine inserts could be 
placed in a gel in this manner. The two divided sections of gel 
were then pushed firmly together on either side of the pieces of 
filter paper. 
(iii) Tank bufferru_n4niza 
conditions Electrical contact was then made to either end of the 
gel by means of several thicknesses of gauze soaked in a different 
buffer solution to that in the gel. The buffer used was similar 
to that recommended by Poulik (1957) as modified by Lush (1961). 
Two separate tanks contained 0.3 id boric acid and 0.1 M sodium 
hydroxide at a pH of 8.6. The glass plate carrying the gel was 
supported between these two tanks, so that the edges of the tray 
hue over the buffer in the tanks. One gauze wick was placed 
2.5 ems. from and parallel to the insert line, and the other placed 
at the other end of the gel 20 ems. from and parallel to the inner 
edge of the first wick. The whole gel was then covered with a thin 
sheet of polythene, and a voltage gradient of 6 volts/cm. was 
applied along the gel at a current of 16 milliamps. Current was 
applied by means of staieless steel electrodes, which were connected 
to a D.C. power supply pack, and inserted in either tank solution. 
The / 
- )9 .- 
The cathode being at the insert end of the gel. After 30 minutes, 
the serum had moved out of the filter paper inserts into the 
substance of the gel. The inserts were then removed, and the cut 
edges of the gel pushed firmly together again, so that no air gaps 
were present. Electrophoresis was continued under an increased. 
voltage gradient of 8 - 9 volts. /cm. Increasing the voltage 
meant an increase in wattage, and this resulted in an ambient of 
40 to 45 °C. within the gel. As denaturation does not occur at 
this temperature, it was possible to run the electrophoresis at 
room temperature. 
Being a discontinuous system, it was possible to follow 
the front of the tank buffer as it moved through the gel. This is 
referred to as the 'brown l:i.nef As the albumin zone follows very 
close behind this line, it acts as a very good guide as to how far 
the serum proteins move through the gel. For the pig transferrins, 
electrophoresis was stopped, when the brown line had gone 9 ems. 
beyond the insert line. 
(iv) Cutting and. staining; of 
gels The side pieces of the tray were removed and the gel sliced 
across approximately 2 ems. in front of the brown line. Two pieces 
of oer$pex, half the thickness of the gel, were laid on either side 
of the gel, and with a fine wire it was sliced on a horizontal 
plane into two halves of equal thickness. The top half was 
immersed for one minute in a 1% nigrosin solution made -up in a 
GL,4 -GIRL 
50 : 50 : 10 methanol, water and acetic acid mixture. The gel was 
then washed in tap water and left in a washing solution mixture of 
methanol, water and acetic acid until the background had destained. 
The / 
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The bottom half of the gel was kept for a specific staining 
technique to be described later. On destaining of the other half, 
the separate protein components stained with nigrosin were clearly 
visible and ready for interpretation. The gel could either be 
photographed, or kept in the washing solution for over a year 
without deterioratien. 
(b) Results: In photograph No. 3 and the schematic drawing of 
this photograph, the distribution of the separate fractions are 
shown and. labelled. This photograph shows the serum proteins of 
eight unrelated pigs on one gel. Within the beta-globulin region, 
in particular, several distinct components are apparent, and similar 
types have been paired-up to show their existence among unrelated 
animals. It appears from the patterns presented in the beta- 
globulin region, that thee distinct bands are present in some 
animals, and five or six in others. In the next paragraph, it will 
be shown, that each of these bands is in fact a transferrin (i.e. 
iron-binding protein), and in the inheritance studies, it can be 
shown that three bands represent the homozygous expression of the 
genes, and five or six bands, the heterozygous condition. In the 
homozygote there are two thin bands on either side of one major 
band, and in the heterozygote, there is a combination of three bands 
from either homozygote forming six bands, with the two major bands 
in the centre. In photograph ¡Arc). 3, the different types have been 
given a notation, and it can be seen, that the AB type does not 
completely show all six bands, because the major band of the A almos 
merges with the leading band of the B. However, in the other 
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bands are present. No animals of type C in the homozygous form 
have been found to date. This thesis proposes the existence of 
three distinct transferrin types, called A, B and C with combinations 
of these types in the various heterozygous forms. If these protein 
bands are phenotypic representations of the genes controlling their 
en - edienvA Wee- inzi.nsee-e 
protein synthesis, (then dominance and recessiveness are absent,) 
because either product is equally represented in all heterozygotes. 
This means that the phenotypic representation is a direct expression 
of the gene and is therefore a genotypic representation. The 
family studies to be given later will substantiate this point. 
(c) Labelling serum beta-globulins with F 
59 
. To establish 
e 
that the beta-globulin bands were in fact iron-binding proteins, 
an experiment was conducted with the co-operation of the Haematology 
and the Medical Physics Research Departments of Ed:_nburgh Royal 
Infirmary using F 
e 
59 
. The following procedure was adopted:- 
1. Method A 1.4 ml. solution of ferric chloride 
containing 10 u curies of F 
e 
59 
was diluted to 3.)4 mis. with 2 ml. 
of normal saline. A 0.5 ml. aliquot of this solution was added to 
each one ml. sample of three sera representing three different 
beta-globulin types. The three types were A, B and BC. This 
meant that each sample contained an equivalent of 1,470 millimicro- 
curies of F 
e 
59 
. The sera were incubated at 37°C, for 30 minutes to 
facilitate binding of the iron, then each sample was dialysed agains 
distilled water for 24 hours to allow free 2 
e 
59 to dialyse out. 
0.05 ml. volume of each sample was then absorbed on to filter paper 
inserts and placed one cm. apart in a starch gel. Each sample 
subjected to electrophoresis, therefore, contained approximately 
50 / 
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50 millimicrocuries of F 
o 
Eloctrophoretic conditions were as 
described previous only the brown line was allowed to travel 
10.5 ems. from the insert line to allow greater separation of the 
bands. The gel was split, stained and allowed to clear in washing 
solution. The top half of the gel was left in washing solution, 
and the bottom half taken out and divided into longitudinal strips, 
so that each serum electropherogram was separated from the other. 
Each strip was then placed alongside the millimetre scale of a 
ruler, end very carefully divided up into sections, the exact 
distance from the insert line being noted for each section. Then 
each section was placed in a small test-tube and placed in the well 
chamber of e sodium iodide crystal scintillation counter. Back. 
ground counts were taken at the beginning and end of each run. 
Radioactivity counts for 100 seconds were taken for each niece of 
gel. The counts per second were then calculated ana background 
counts deducted from each gel value. The remainir-, half of the gel 
ras then taken out of the washing solution, and a millimetre scale 
placed alongside each eleotropherogram and photographed in situ. 
In the illustration in Figure 19, the radioactivity for each section 
of the top half of the gel is plotted against the bottom half 
enlarged to scale. Due to the washing solution, the gels have 
shrunk slightly, and are not quite to scale, but alignment is 
sufficiently accurato to establish, that each beta-globulin band 
within the different types is e. transferrin. The intensity of the 
staining of the major bands, also indicates the point of greatest 
radioactivity, or binding of the Fe 
59 
. 


















- 103 - 
distribution of offspring from all the different coatings collected 
within the same families studied for red cell antigens are shown. 
Matines between all types were not available within this population, 
especially any Levolying type C transferria. This type has a low 
frequency, and ä1L not appear within these families. 
Table 41 
SePre,ation of transferrin t eees on of '- rin of different ma 




































The segregation of offspring are in accord with the theory 
of simple mendelian inheritance, and the genetic hypothesis is that 
types A and B represent the products of alleles at a single locus. 
Their genes may therefore be designated T, 
A 
and TB Although the 
C-type was not involved in the mating data, there can be little 
doubt that it is the product of a third allele TfC at the same locus 
(e) Gene fre(uencies The frequency of these alleles were 
calculated in the Large !Mite and Landrace breeds from samples 
obtained from pigs entering the National Pig Progeny Testing Station. 
The relative frequencies are compared in Table L2. 
Table 42 / 
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Table 42 
F`'rA iu(:T,ey 0=' three alleles at the T locus in two breeds cf pigs 
T` allele 














The A transferrin was completely absent in the Landrace 
breed, also the C was absent in the Large Whites. It is also of 
interest that the C transferrin was found in two animals of the 
Wessex breed, and the BC types town in Photograph No. 3 were from 
these two animals. 
2. Pig Serum i-iamtoglobins Proteins migrating with the 
O2- globulins of human sera and capable of binding haemoglobin were 
first seen on paper electrophoresis by Polonovski and Jajie (1940). 
They called these proteins haptoglobins. In 1955, Smithies using 
his starch gel electrophoresis method observed three different types 
occurring in normal human sera. The results of family studies 
indicated. that these differences were under the simple genetic 
control, of two autasomal alleles (Smithies and Walker, 1955). 
Later, Connell and Smithies (1959) described a fourth phenotype 
called haptoglobin type 2 -1 (modified), and its inheritance was 
later described in one family by Smithies and Hiller (1959). 
In 1961, Kristjansson using the starch gel technique 
presented data to show that six haptoglobin phenotypes occurred in 
pig sera, and were under the control of alleles called Hp, Hp2 and 
Hp3 / 
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Hp3. To establish this report anE investigate the possibility of 
further differences in pig haptoglobinz, the starch gel method . 
described. earlier was adapted for the following investigation. 
(a) Method: The electrophoresis technique is as described, 
only the bottom half of the gel was stained with a benzidino stain. 
This stain consisted of 0.2 gmo. of benzidine in a mixture of 0.5 ml, 
of glacial acetic acid in 100 mis. of water. On dissolving the 
benzidine, 0.2 mls. of 305 hydrogen peroxide was added (ffermans et 
al., 1960). As the haemoglobin-haptoglobin complex has a high 
peroxidase activity, this acted on the hydrogen peroxide and 
oxidised the benzidine to give a blue staining reaction, when the 
gel was immersed in the stain. Staining developed within seconds, 
but required at least 30 minutes for full development. 
The procedure adopted was to stain several samples of 
serum obtained at different times from the same animal. This meant 
that some were haemolysed and others were not. Samples completely 
free of haemoglobin did not stain with benzidine. This procedure 
was repeated for severe] animals until a wide range of types could 
be selected. Then solutions of haemoglobin in water were made-up 
in varying concentrations from the washed cells of one ml, of fresh 
whole blood. The concentration of haemoglobin in these solutions 
ranged fromapproximately 6 to 200 mgms. per ml. A volume of 0.05 
ml. of each haemoglobin solution was mixad with 0.1 ml. samples of 
a serum. These samples were left for a minimum period of 30 
minutes to allow binding to take place, then each was placed in a 
starch gel. The top half of the gel was stained with nigrosin and 
the bottom with benzidine as described. 
(b) / 
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(b) Results: At first it appeared from the 'random selection 
of serum, that many haptogl.obin types were present, which were 
difficult to 4rterpret. It ra.s also observed, however, that 
several distinct variations occurred within the serum of some 
individuals, In an attempt to clarify the picture, the transferrin 
region was taken as a point of reference. By doing this it was 
possible to divide the occurrence of types into three zones on the 
gel. The types within the first zone occurred. between the pre- 
albumin and the transferrins, and only appeared when ,a haemolysed 
sample of serum was used.. No variation occurred within samples 
from an individual fot this zone. The second zone occurred 
immediately in the region of the transferrins, and. because of the 
width of bands and depth of staining with nigrosin, these types 
often masked. some of the transferrin bands. Variations within 
samples from one individual were very distinct for this region. 
Finally, the third zone was token between the transferrins and the 
insert line. The types occurring within this region were often 
very faint, and within samples from any individual pig could be 
haphazard. in occurrence. 
As the heaviest staining bands were in the second zone, 
this area was investigated first. 7ithin this zone it appeared 
at first, that there were three phenotypes, that is a two band 
system, one band and no bands. The latter being comparable to 
the anhaptoglobinaemic type found in man, Smithies (1955); Allison 
et -al. (1958) and. 13lumberc (1960). Further investigation showed 
that by adding varying amounts of a pig's own fresh haemoglobin to 
an unhaemolysted sample of its own serum, That the binding capacity 
of / 
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of the haptoglobin moved through three phases as follows : - 
` Phase I: the unbound haptoglobin in an unhae.nolysew sample . _
appeared as a thick band in an advanced position in front of the 
transferrin bands. It was stainable with nigrosin but not with 
benzidine 
2. Phasy e I : J} partially' bound haptoglobiry/haemoglobin 
complex appeared in the middle of the transferrin bands. It could. 
appear with 1 above, or 3 below, or all three could occur together, 
all of which were stainable with nigrosin. This band was stainable 
with benzidine ?. 
3. 'Chase II ::: 1! completely bound haptoglobin /haemoglobin 
complex which appeared as a very thick, dark staining band. in a 
backward position at the end of the tríisferrin region. This band 
could appear with i and 2 above, or with 2, or completely alone 
when fully saturated with haemoglobin. It was stainal,le with 
nigrosin an''.. benzi.dine. 
These three phases are illustrated in Photograph No. 4, 
which shows two halves of the sama gel. Gel ). is stained for 
proteins with nigrosin, and gel B stained with benzidine for haemo- 
globin. The No. t position on Col is comparable to the No. 1 
position in Gel B. In this position, pig No. 7854 had no hae:no- 
oF NPe`ro 
globin present in the serum sample, and the unbound ;fraction is 
shown in Phase I in Gel A. In positions 2, S and 4, increasing 
mounts of haemoglobin from pig 7854 were added to it /s own serum. 
With the addition of hasmogloóin, the mobility of the haptoglobin 
changed and is shown as a two band system becoming a one band 
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in gel A. 
In position No. 5, pig 9624 is an example of an anhapto- 
globinaemic type with no bands present in either gel. On adding 
the pig's own fresh haemoglobin in excess to the same serum sample, 
it is shown in position No. 6, that there is still no formation of 
bands. Therefore no binding of the haemogLobin took place. 
Several pigs showed only a very faint hapto globin band even after 
complete saturation with haemoglobin. The location of the haemo- 
globin stained with benzidine as shown in position No. 6 is identica_ 
to that occupied by free haemoglobin, when subjected to starch gel 
electrophoresis. This is illustrated in photograph No. 5 mentioned 
later in the text. The hypothesis is therefore advanced, that all 
the phases mentioned above involve one protein, which appears to be 
a true haptoglobin in that it binds haemoglobin. The various 
phases are stages in the binding of this protein to the haemoglobin 
molecule. 
It will also be seen from Gel B, that despite the addition 
of fresh haemoglobin, no lines appeared in front of zone No. 2. 
But in other haemolysed serum samples from these same pigs, it was 
observed that definite staining occurred with benzidine in the 
albumin region, also bands appeared between the albumin and zone 
No. 2. This implied that some breakdown had occurred in the haemo- 
globin contained in the haemolysed samples during storage. To 
investigate further, fresh haemoglobin was converted to alkaline 
haematin, and added to the unhaemolysed samples of the same sera. 
Electrophoresis revealed bands identical to those shown by the 
haemolysed samples. Also, the bands between the albumin and the 
true / 
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true haptoglobins in zone No. 2 appeared to resemble the haptoglobin 
phenotypes mentioned by Kristjansson (1961), and corresponded to 
the haem-protein bands of the fast 1:4-globulin in human sera 
mentioned by Allison (1957). The occurrence of methaemalbumin 
has also been reported in human sera by Hensley and Blackburn 
(1952) and .Allison (1957), and would appear similar to the albumin 
staining observed when haematin is added to pig serum. In photo- 
graph No. 5, the position of methaemalbumin, haem-binding proteins, 
free haematin and free haemoglobin are shown in relation to the 
true haptoglobin of zone No. 2. A further experiment with pig 
7854 serum is shown in photograph No. 6, which also indicates the 
independence of haptoglobins from haem-binding proteins. In 
position 1 on this photograph, there is the normal unhaemolysed 
sample of this serum, and in positions 2, 3 and 4, increasing 
concentrations of fresh haemoglobin have been added to the same 
sample. The position of the haptoglobin protein is altered, but 
no methaemalbumin or haem-binding protein is visible. On adding 
alkaline haematin in increasing concentration to the unhaemolysed 
sample in position 6 and 7, no alteration is apparent in the hapto- 
globin protein, but methaemalbumin and haem-binding proteins become 
visible. The adding of fresh haemoglobin to a sample already 
containing haematin in position 8, immediately affects the hapto- 
globin bands, but there is no change in the other fractions. This 
illustrates that only haptoglobins bind fresh haemoglobin, and only 
haem-binding proteins and albumin bind haematin. 
It should be emphasised that this experiment can only be 
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blood. Even storage in a refrigerator for 24 hours will not 
prevent breakdown in the haemoglobin, and. binding to albumin and 
haem-binding proteins will occur, if 2 hours old. haemoglobin is 
added_ to an unhaemolysed sample of serum. 
It is proposed to discuss the system of haem-binding 
proteins, or globulins in the next section, as a separate entity 
from haptoglobins. 
The final zone No. 3 has still to be fully investigated, 
although photograph No. 6 presents some explanation for some of the 
bands which occur in this area. It will be noted, that in position 
No. 4. and slightly in 3, the appearance of a dark band approximately 
1.5 ems. from the insert line. This is absent in the samples 
containing haematin, but reappears in position No. 8, whe.ì fresh 
haemoglobin is present. Possibly this is another haptoglobin, but 
it only appears when the haptoglobin of zone No. 2 is nearly 
saturated, because there is no suggestion of this band. in positions 
and 2, where the haptoglobin was not saturated. Slightly ahead 
of this other haptoglobin, there is a band appearing only in 
positions 6, 7 and 8, and again this may be another haematin-binding 
protein, because it does not appear in positions I to Ahead of 
this' band there is another faint band, which is slightly in front 
of the slow 
2-globulins. 
This is common to both haemoglobin and 
haematin samples. A further band is often seen just behind the 
main saturated haptoglobin. Although not present in this gel, it 
appears to be associated with complete saturation of this hapto-, 
globin. 
(e) 
(e) inheritance of hapto4obins: In an attempt to find, if 
the genes controlling the presence or absence of haptoglbin 
segregated in a utondelian manner, the distribution of offspring from 
matings involving these types were calculated. he results are 
shown in Table ¿.3. 
Table ¿43 
gating type 3cgregition of offspring 
To ta 
9 
- - 6 0 6 
- + 58 5 63 
+ + 171 0 171 
The segregation is not mendelian (See 'Discussion') 
3. ) in pig sera The method 
adopted to clearly identifythe iifferent types of these proteins 
was different from that described for transferrins. In attempting 
to demonstrate polymorphism in the post-albumins of pig sera, the 
method used was found to give very clear haem-binding protein 
bands. The following method was therefore adopted routinely for 
their. demonstration. 
(a) Methods: The electrode buffer was similar to that 
described for transferrins, but the gel buffer was composed of 
0.103 M. tris and 0.007 citric acid. A final pH of 8.2 was 
obtained by mixing 125 mis. of tris solution with 375 mis. of citric 
acid solution. At this pH, the albumin was separated further from 
the transferrins, and was concentrated into a smaller band, thus 
leaving a clear field for the haeui-binding proteins. However, the 
increase in molarity resulted in an increase in the temperature 
within / 
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within the gel and at room temperature under increased voltage, 
the ambient was as high as 55 to 6000. To obviate the possibility 
of denaturation, the complete electrophoresis run was carried out 
in a refrigerator at 44 °C. This kept the ambient within the gel 
down to 30 to 35 0C. 
All serum samples which were not already haemolyscd were 
mixed with alkaline haematin. The haematin was obtained by-boiling 
(_ íi IÁ. Ì Ì O N 0 IF 9- 00 /N V H -f 1... 1 /Y - ` 
the equivalent of 200 mans. of haomoglobiA - solution in 1 ml. of 
water with 5 m1. of 0.1 N sodium hydroxide for five minutes. when 
cool, 0.05 ml. of this solution was mixed with 0.1 ml. of serum and 
left for 24 hours at 44°C. 
Electrophoresis was similar to that described for trans - 
ferrins, except that after removal of the inserts, the voltage 
gradient was increased from six volts per centimetre to 13 to 15 
volts per centimetre. The brown line was allowed to move 11 cros, 
from the insert line before electrophoresis was stopped. 
The staining procedure for the gel was similar to that 
described previously. 
(b) Results: As the methaemalburnin zone remained constant, 
only the other haem- binding proteins showed variations, and as they 
occur behind- the albumin with the globulins, it is proposed that 
they be referred. to as haem- binding globulins. A total of ten 
phenotypes were detectable and each type is llustrated in photograph 
No. 7, with the aid of a schematic drawing of this photograph. The 
homozygote types appeared as two bands and are referred to as 0, 1, 
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types in the heterozygoto form, as demonstrated in the photograph, 
appear as three or four bands depending on the combination. With 
benzidine stain, it is not completely satisfactory from a photo- 
graphic point of view, but all the bands shown in the schematic 
drawing have been observed at one time or other during the course 
of this investigation. All the bands cannot be shown cavoletely 
on one gel, because their demonstration depends on the relative 
haemolysed state of the serum of the different types. 
It is proposed in this thesis, that the above phenotypes 
are controlled by four alleles at-the saran locus. These alleles 
2 




H and H 3 . Their existence is 
g g g 
demonstrated in the segregation results shown for the different 
phenotype matings within the parent population described elsewhere. 
These results with chi-squared values for deviations from expected 
ere shown in Table 44. 
Table 44 / 
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Table 
asugation of hacm-bindinrl: 0.obulins amon off s ring of alfferomt 
Mating type Distribution of offspring 
Total d.f. 
6 9 o 03 1 12 13 23 
03 03 2 3 5 
03 33 3 4. 7 1 0,14 
i i 116 116 
i 13 3 o
0 o 16 i 0 
1 3 9 9 
13 1 10 7 17 1 0.52 
13 13 4 i 2 7 2 4.3 
23 1 2 2 
23 13 3 3 1 :, 7 3 3.85 
23 3 1 3 4 
3 1 10 10 
3 13 17 11 28 1 1.28 
3 23 8 3 
, 
11 1 2.2 
None of the deviations from expected are significant, and 
the segregation results are in agreement with the existence of four 
alleles at a single locus, referred to as the haem-binding globulin 
locus. 
4. Pig serum caeruloplasmin The electrophoretic analysis by 
Uriel (1958) first indicated that human plasma copper protein is 
heterogenous with respect to its molecular composition. Morell and 
Scheinberg (1960) then purified by chromotography human caeruloplas- 
min sub-fractions from the plasma of 9109 donors. Electrophoresis of 
these subfractions showed at least four different caeruloplasmins. 
Then McAlister et al. (1961) presented evidence for multiple 
cacruloplasmin components in human sera. Using vertical starch gel 
electrophoresis, I 
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electrophoresis, five electrophoretically distinct proteins having 
one or more characteristic properties of caeruloplasmin were 
isolated. 
It was first shown by Holmberg and. Laurell (1951), that 
caeruloplasmin could oxidise a number of substances, the best 
substrate being p-phenyienediamine (PPD). Using the PPD oxidase 
acitivity as a measure of the caeruloplasmin in sera of different 
species, it was shown by McCosker (1961), that pis sera has twice 
the activity of human sera, and four times that of other domestic 
species. 
To investigate the possibility of caeruloplasmin variants 
within the sera from differ_nt pigs, the following method was 
applied:- 
(a) Method: Eleotrophoresis was exactly similar to that 
described for transferrins, except that the brown line was allowed 
to move 11 ems. from the insert line before electrophoresis was 
stopped. Two techniques for the detection of caeruloplasmin were 
tried. In the first, the bottom layer of the cut gel was stained 
according to the method described by Moral and. Scheinberg (1960) 
with modifications. In their method, paper strips saturated in a 
solution of 1.0 M sodium acetate buffer (pH 5) containing 0.51, 
p-phenylenediaiuine dihydrochloride were pressed on the cut surface 
of the gel for five minutes, and then removed. The gel was then 
placed in a closed, moist chamber and allowed to stand for one to 
three hours at room temperature until dark purple bands developed. 
In the modified technique for pig sera, the same solution 
of acetate buffer and PET was used. Instead of using paper strips, 
however, / 
however, it we s found that total immersion of the cut gel in the 
buffer at 37°C. gave better results. The optimum time for clearly 
distinguishable cacruloplasmin proteins was approximately 45 to 60 
minutes after incubation. At this stc'e the gel was photographed, 
and the different types classified. after one hour of incubation 
the oxidase activity of the copper proteins began to give a diffuse 
purple staining reaction with the PFD, and obliterated. any bands 
which were previously discernible. 
In tho secord method, an attempt was made to precipitate 
the bound copper as copper rubeanate within the starch gel using a 
solution of 0.1% rubeanic acid in 701 ethanol as described by 
Uzaan (1956). This method was not successful. 
{b) Results: A total of three phenotypes were detected during 
the investigation, and each type is illustrated in photograph No. 8. 
The schematic drawing of this photograph is also shown to indicate 
the interpretation of these types. The homozygotes appear as 
three bands 6.rith the middle band showing the darker staining 
reaction. Two homozygous types are recognised and classified as 
type A and B with the A -type being the faster migrating protein. 
The combination of these do types in the heterosygote gives a 
phenotype shoving five bands, which is also illustrated in the above 
photograph. 
In relation to the other proteins, the caeruloplasmins 
are slightly slower in mobility, than the transferrins. At pH 7.6 
they appear as three bands in the homozygote form as described . 
above, and are in the same zone as the transferrins. At pH 8.2, 
however, they appear as two bands and are behind the transferrins. 
It / 
I I 6a 
Photograph No.8. 
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Caeruloplasnnin types 
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l L should be noted, that because of their oxidising ability they 
are stainer slightly with benzid.ine, and therefore should not be 
confused with haem- binding globulins.. At a gel pI; of 6.2, they 
appear as faint lines between type -3 haen- binding globulin and the 
saturated haptoglob in. 
It is p:: oposed that the three phenotypes described above 
are controlled by two allelic genes at a single locus. Their 
alleles have been called C A and CuB. To test the simple genetic 
hypothesis of two alleles, the results of tests of sera from off- 
spring from different ratings of parents are shown in Table 45. 
All mating types were not available, because of the low frequency of 
type A cacruloplasnin in the parent population. The latter is the 
saine population as described in other studies. 
Table 
Distribution of caeruloplasmin types 
among offspring; of different matins 
.._......... 
Mating type Distribution of offspring 
Total d.f. 
_.. 
(5 9 A AB B 
AB xAB 2 3 5 9. 0.2 
AL' x 6 7 i 3.6 
B x.AF3 3 3 6 1 0 
B B 223 223 
The results in Table /4.5 are in accord with the genetic 
hypothesis of two alleles at a single locus. 
(c) Gene freoouencies: The frequency of these alleles were 
calculated in the Large `bite and Landrace breeds from the same 
samples used for the transferrin gene frequency study. The results 
are 
are shown in Table 46. 
Table 46 




Breed and No. tested 
Large White Landrace 
013/ (6) 
A 0 0.054 
B 1.0 0.9L6 
The t-type caeruloplasmin was completely absent in the 
Large 'Mite breed, and of relatively low frequency in the nandrace 
breed. 
5. - rum au7-lases During the process evolved for the 
staining of caeruloelasmin with p-phenylenediamine, the gel was 
incubated at 37°C. for nearly one hour. This appeared to activate 
an enzyme present in the serum, which digested the starch. The 
areas digested appeared as collapsed areas in gels which had been 
incubated ana then left to dry at room temperature for 24 hours. 
These digested areas shoved variation between individuals. As the 
enzyme involved, digested starch, it was believed that it might be 
amylase. The following methods were used to investigate this 
possibility. 
(e) IleYoods: The electrophoresis technique described for the 
transferrins was used to separate serum proteins. One layer of the 
, 
i eut gel was incubated at 37°C. n. acetate buffer (ph 5) without PPD 
being added. It was left for 2L hours in the buffer at this 
temperature. Then it was removed from the buffer, washed with 
distilled / 
distilled. water ana_ heated very gently in a solution of Benedict's 
reagent in a tray. As amylase is capable of hedrolysin^ starch to 
-naltose, which is a disaccharide, this in turn can reduce en 
alkaline copper solution (i.e. ßenedict's reagent) to cuprous oxide. 
On boiling; the gel, a green colouration appeared in the gel from the 
insert line to around the areas occu::iec3 by the enzyme, and within 
these areas a light orange colour developed. Beyond the zone 
occupied by the enzyme, the gel d.id not change colour. The ap ear- 
snce of precipitates of cuprous oxide indicated the presence of a 
re ucin.p sugar. To demonstrate the hydrolysis of the starch, a 
~el was sliced transversely into sections ±mediately after electro- 
incubated at 70 phoresis, then each sect= of gel was 3, C. 'n test 
tubes containing .normal saline. A drop of chute iodine solution 
was then added to each tubo after five hours. The presence of 
starch was indicated by a blue colouration. Tn those sections of 
the gel beli.eved to contain amylase, there was no colour reaction, 
but other sections of the gel beyond the amylase zone gave a blue 
colouration. This confirmed that the starch in the areas occupied 
by the enzyme was hydrolysed.. 
Tt is also known, that the ac-it iviV of amylase is 
inhibited by heavy metals and. ureaRtong, 1n61). To investigate 
this fact, 0.1 ml. serum samples from one animal were incubated with 
0.05 ml. of a. 1jß and 537, solution of urea at room temperature for 15 
hours.. These serum samples along with a normal sample from¡the 
same animal were run under standard electrophoresis conditions. 
One layer of the cut gel was stained with nigrosin, and the other 
incubated. in acetate buffer at 37°C. for 21;- hours. The latter was 
then / 
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then boiled for five minutes in a 1106 mixture of glacial acetic acid 
and glycerin in distilled water until the gei cleared. It was 
allowed to cool and then dry out on a glass plate at room temperatur 
In photograph No. 9 it can be seen that a definite digested, 
collapsed area appeared. in the gel for the normal sample, and a less 
definite area also appeared for the sample containing 1% urea. 
No collapsed area could be seen for the sample incubated with 5% 
urea. The other gel stained with nigrosin did not reveal any 
absence of protein fractions through precipitation by the urea. 
Therefore, it appeared that the presence of urea in sufficient 
concentration inhibited the activity of the enzyme. The enzyme 
in question therefore had properties similar to amylase. 
In the routine investigation of pig sera for amylase 
variants, the slice of gel used for caeruloplasmin identification 
was also used for amylases, and left in the buffer at 370G, for 
several more hours. After approximately three hours the gel and 
buffer were taken from the incubator and left to stand at room 
temperature overnight. After 15 hours at room temperature, the 
gel was roved from the buffer, and boiled for five minutes until 
clear in a mixture of acetic acid, glycerin and water. When cool 
the gel was placed. on a glass plate and allowed to du at room 
temperature. The areas occupied by amylase appeared as discrete 
indentations in the substance of the gel and were easily identified. 
(b) Results: The most frequent amylase band identified 
appeared in the regionof the slow0(2-globulins. It is referred 










+ urea Normal + urea Normal - , . . . _ i 
1 
Pig I Pig 2 Pig I 
between this type and. the saturated haptoglobin, and it is called 
type-1 amylase. A further band appeared in other individuals 
between the No. 2 type and the insert line. This is referred to as 
type-3 amylase. These bands could appear either alone or in pairs 
in any individual serum. Only four phenotypes have been identified. 
so far, and they are illustrated. in photograph N0.10, and the 
schematic drawing of this photograph. The four phenotypes are 
types 1, 1-2, 2 and 2-3. No individuals of type 1-3 and. 3 have tee 
found, but are postulated. 
In the distribution of offspring from different phenotype 
matings within the parent population, the existence of three alleles 
at a single locus is proposed. The results are shown in Table 47. 
Table 47 
Distribution QUEizleasam...21srin_it 
of different phenotype rliAlleis 





9 12 2 23 
2 x 12 3 4 7 1 1.42 
2 x 2 , 204 204 
2 x 23 15 V+ 29 i 0.04 
Oniiire the other protein fractions discussed in this 
section, the phenotype representations of the gene controlling; their 
synthesis is a single band in the homozygote and a double band in 
the heterozygote. The segregation results are in agreement with 
the existence of three allelic genes at a single locus. It is 
proposed that these genes be called Am 
1 




1 1 -2 2 2 -3 
Amylase types 
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(e) Gene frequencies; Frequencies of these alleles were 
calculated in the Large White and Landrace breeds. The results are 
given in Table 48. 
Table 48 















The No. 1 amylase appeared more frequently in the Landrace 
breed, but No. 3 was absent in both breeds. In the gene pool 
group of animals in the parent population, No. 3 -type amylase was 
identified, therefore it seems probable that it was introduced by 
either the Wessex or Ta .worth breeds. 
TESTS FOR ASSOCIATION BET á'EEN DIFFERENT SERUM TYPES: - 
To test the independence of the genes controlling the 
various types within the transferrin, haptoglobin, haem- binding 
globulin, caeruloplasmin and amylase loci, 2 x n, contingency tables 
were calculated according to Fisher (1950). The parent population 
was again treated as random for the following tests. Figures for 
expected values are in parenthesis. The chi -squared test has not 
been applied, because many of the values are less than five in 
number, but it will be observed that agreement between observed and 
expected is extremely good.. 
2. Haptoglobi.ns 
Totals 
AA 3(2,8) 3 
1. Transferrins 
AB 12(11.2) 12 
133 ., 43()1/1) 1 =(3) 4.7 
Totals 58 4 62 
3. T-íúem-binding globulins 
Totals 
03 11 13 
AA 3(1.89) 3 
1. Tra.nsferrins AB 9(7.5) 2(2.3) 1(1.4) 12 
BB 2(1.5) 27(29.6) 10(9.1) 2(1.5) 6(5.3) 47 
























12 22 23 
.-----. 
i!_ft 3(2.8) 3 
1. Transferrins AB 12(11) 12 
BB 1(0.76) 42(43.2) 4-(3) 47 
Totals I 57 4 62 
_ 1 - 
3. Ham-binding globulins 
Totals 
03 11 13 23 33 
2(1.9) 37(36.5) 11(11.2) 2(1.9) 6(6.5) 58 
2. Haptoglobins 
- 2(2.5) 1(0.8) 1(0.5) 4 







Totals 3 59 
58 X 2 =. 2.8 for 
1 d.f. 
4 p = Between 















57 4. 62 
.01110111,11ir .M.1111111191110. 
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3. Haem-binding ;,lohulins 
Totals 
03 11 13 23 33 
_........r __- . ._.__ .. 
12 1(0.6) i 
5. Amylases 
22 2(1.8) 36(36) 10(11) 2(1.8) 7(6.ZF) 57 
23 2(2.5) 2(0.8) ÿ. 
. - ..a 











Totals 1 57 4 62 
....15Nasne-n 
In none of the tables considered is there a deviation 
from expected, which is significant. It can therefore be assumed 
that the various genes within the five serum protein loci are 
statistically independent of one another for this population. 
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DISCUSSION ON ,REIpm:- 
The observations in this study of biochemical variation 
within pig blood, as confined to the electrolyte constituents and 
serum proteins, supports and extends the knowledge previously found 
in other species. Like man and the other domestic animals, the pig 
is no exception to the new biology of biochemical individuality. 
In this study alone, the pig has shown more individuality among 
serun proteins, than has been determined in many other species 
hitherto. Present observations indicate that this variance may be 
extended to other serum coìponents1 especially pre- and post- 
albumins:, and other enzyme systems. In considering the results of 
the present investigation, several facts have emerged, which form 
the basis of this discussion. 
It is apparent that pigs cannot be divided into distinct 
genetical/y determined groups on the basis of their blood potassium 
and sodium content. Statistical evidence, however, indicates that 
variation does occur, and this variation may be familial. Whether 
this means that it is heritable in the sense that the expression of 
the genes controlling potassium, for instance, could be qualitative, 
or it is a maternal effect is speculative. One factor which could 
have a mediating effect is environment, and this can be dismissed 
considering that all the samples were obtained from animals kept in 
a constant environment. No family studies were made involving 
animals of particular potassium levels, because the variance within 
individuals, although not as high as that between, was not signifi- 
cantly different to give a clear distinction. It was noticeable, 
however, that the average red cell potassium value for two families 
could differ by as much as 10 mEqWlitre, which is twice the 
standard / 
- 127 e 
standard deviation for the mean value in any breed. Also, 
individuals from two different families could differ by as much as 
20 MEq/litre, vhereme the deviation within each family was never 
as high. Careful selection of potassium types and interbreeding 
within types at two extreme levels of the normal distribution 
curve might create two distinct classes of pig for potassium values. 
Obviously the genetic basis for control of these different levels of 
potsasium in the blood of pigs is more diverse than the single 
locus control found in sheep. 
Bove of the serum values, in this study show good agreement 
with those published for thirteen admit pigs by Widdowson and 
MeCanoe (1956b). For serum potassium, they quote a value of 
6 la Eq./litre I 0.6, and for serum sodium, a value of 144 m Eq./ 
litre + ¿4.7 is given. No whole blood values were calculated. In 
their other communication, McCance and Widdowson (1956a) give 
potassium values et 471 mgms./100 ems. of packed cells, and 182 
m Eq./litre for cell water for nine adult pigs. The two values 
given were calculated by first weighing packed cells devoid of 
plasma, then lysing these cells in an equal volume of water and 
then estimating the potassium content in this cell water. As the 
volume of cells weighed is not stipulated in their data, there is 
no way of relating their estimations to those given in this disser- 
tation. 
The electrophoresis technique applied to starch gel as a 
supporting medium for the separation of serum proteins, has proved 
as in other species, to be a most rewarding technique for the 
demonstration of variants in pig sera. In the transferrin fraction 
studied three allelic genes, called T,A, Tf 
B 
and TfC appear to be 
responsible / 
responsible for six transferrin phenotypes called. A, AB, AC, B, BC 
and. C. The existence of two alleles at this locus has been 
reported independently by Ashton (1960) and. Kristjansson (1960). 
It would appear from the description given in both papers, that 
these alleles are similar to the T 
f 
A 
and TB reported here. 
Ashton reported that each allele gave rise to three zones in starch 
gel using phosphate buffer. These zones were divided into a 
faintly staining zone, followed by a moderately staining zone, and 
then by a more intensely staining zone. The pH of the gel buffer 
was exactly similar to that described for transferrins in this 
thesis. Kristjansson, on the other hand, using tris and dilute 
hydrochloric acid as a gel buffer was able to demonstrate two 
transferrin zones in starch representing one allele. Of these two 
zones one band was more intensely stained than the other. He did 
not give the pH of the gel buffer, but this picture is very similar 
to the change in the transferrin zones observed in the present study, 
when the gel buffer pH was increased to 8.2 for the haem-binding 
globulins. Is is therefore obvious that the gel buffer and ionic 
strength of this buffer can affect the charge on the transferrin 
protein molecule quite considerably. Although molecular size plays 
an important role in separation by starch gel, any observation on 
differences within a component should be carefully related to the 
composition of the buffer solution used. The range of techniques 
in the application of electrophoresis to starch gel is almost as 
diverse as the serological techniques applied to red cell antigens. 
Without exact standardisation of techniques, the only alternative in 
assessing new variants reported by other workers, would be the 
exchange I 
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exchanfA of sera of knows types. It is inevitable, however, that 
the techniques reported. by some workers may have to be adopted by 
others before these variants become apparent. 
The C transferria described in this dissertation appears 
to be an additional type to those reported previously at the trans. 
ferrin locus. The labelling of the three different types A, P 'and. 
C with F 
e 
59 substantiates the claim that these proteins are trans- 
ferrins, as suggested for types A and B by ristjansson (1960) after 
staining gels with Nitroso R salt reagent. 
It may also be claimed that haptoglobin, that is the 
haemoglobin.binding protein does not show genetic variations within 
pig sera. That is, with the possible exception of some pigs, 
which do not appear to have this protein, or only have it present 
to a limited extent. It is suggested in this dissertation, that 
the haptoglobin types controlled by three allelic genes as reported 
by Kristjansson (1961), and en additional type recently reported by 
Hesse/holt (1963) are in fact haem-binding globulins. In this 
report, Hesselholt describes four haptoglobin types called 0, 1, 2 
and 3, which appear identical to Eristjansson's three types, with 
the exception of type 0. These types also appear similar to the 
0, 1 2 and 3 haem-binding globulins described in this dissertation. 
It has now been established with the co-operation of Hesselholt, 
that the four haptoglobin types described in his paper are in fact 
haem.binding globulins, and not true haptoglobins. 
It is also interesting to note a passage from Kristjaassad 
paper on haptoglobins (1961) in which he states, "the amount of 
haptoglobins 
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haetonlobins 4 and 5 present, varied considerably from sample to 
sample, but no attempt was made to study the variation." A photo- 
graph illustrating haptonlotins of type 1 to 10 in the above 
communication indicates that haptonlobins 4 and 5 are similar to the 
phases II and III escribed for the true haptoglobins in this 
investigation. 
The conplete absence of haptoglobin in the sera of some 
pies has not been referred to by other workers, but has been 
reported in man (Allison et al., 1958). They found in Europeans 
that the proportion of individnals without haptoglobin is less than 
Vo, but in Ninerians was found to be as much as 31% It Laust be 
remembered, however, that Lanrell and Nyman (1957) demonstrated in 
humane; that the intravenous administration of haemoglobin solution 
resulted in no haemoglobinurea occurring until the plasma hapto- 
globin was fully saturated. Once fully saturated, however, it was 
rapidly eliminated from the body, and if sufficient haemoglobin was 
present the plasma could be completely depleted of haptoglobin 
within 24 hours. On stopping the haemolytic process, haptoglobins 
reappeared in the plasma within a few days. Those pigs showing an 
absence of haptoglobin were not resempled, so it is nct known if 
the absence was transitionary and perhaps due to a temporary intra- 
vascular haemolysis. As this condition is very unlikely in the 
adult pig, and several other animals were observed to have only 
minute quantities of haptoglobin in their sere, this could indicate 
that some other genes may have a suppressor effect on the synthesis 
of haptoGlobin. The evidence from the family studies showed that 
the / 
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the inheritance was not of a simple mendelian pattern. It would 
appear that further matings involving consanguinous amimals are 
essential before any genetic: interpretation can be established for 
the presence or absence of haptoglobin. 
The picture presented by the other haptoglobinz and haeme. 
binding proteins in zone No. 3 is not clear as yet. Results were 
not consistent, aad further experimentation is necessary. There 
was some indieation, however, that variation might occur in the 
haemebinding protein in this zone. 
The evidence for two alleles called A and B controlling 
three eaeruleplasmin phenotypes Al AB an B is believed to be the 
first report of variation for this component in pig sera. Proof 
that these components are caeruloplaamins is beeed on the oxidation 
of paraphenylenediamine and benzidine only, and not of other 
substrates, as has been shown by Laurel (1960). Experiments 
using specific inhibitors are being investigated to substantiate the 
olaie that these fractiona are copper-binding proteins. Az far as 
can be determined, this is the first report for any apecies present- 
ìu evidence fur genetic control of eaereloplaomin by alielio genes 
at a single loeus. 
The variation in an enzyme capable of splitting starch and 
having properties similar to amylase is believed to be aa original 
observation for any apecties, However, a report by Ashton (1960) 
on thread protein polymorphism in the pig may bear some relation to 
this enzyme. Ashton was not clear about the nature of the thread 
proteins he Observed, but was able to show, that they were controlled. 
by two alleles called TA and. TB, and were represented by three pheno- 
types called Ti, T1/T2 and T2. In a recent communication with 
Ashton / 
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Ashton it was agreed, that reference sera should be exchenge&to 
. establish the possible conneotion between these fractions. As it 
1 
is believed they may be similar, the alleles Am and Am 
2 
may 
correspond to the T4 and. TB alleles above. The Am 3 allele 
reported here will therefore form a new allele within this system, 
an the possibility of six phenotypes is suggested, of which, four 
have already been found, 
In the tests for association, no correlation could be 
found between the different serue. types. To confirm these findings 
at the level of the ears, all relevant double backoross matings 
were examined. The number of families giving this type of mating 
were very few. In those families which did, however, the following 
tables indicate that genes at the transferrin and heerio-binding 
gl&ulin loci rere segregating independently, also to linkage could 
be found between the haem-binding globulin end amylase genes. 
1. Test for link between transferrins rnd haem-bindin, elexlins 
Mating Segregation of offspring 
AOMWOOLMNI. 
3 9 
11 AB/H 13 





























Total observed 1 1 4 3 
expected 2.25 2.25 2.25 2.25 
This gives a. retie of five non-parental to four parental 
types, which does not deviate significantly from expected. 
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2. Test for Unlearn' between hacm-binqua&dalajElljusaat: 
Mating Segregation of offspring 









33/A 22 13/A 23 13/A 23 13/4. 22 33/A 23 33/41 22 
g isi gm gfhi ISW 'SW. a 
1st Family 3 2 0 
2n3. " 4 2 1 2 
Total observe& 7. 4. 2. 2 
expeoted 3.75 3.75 3.75 3.75 
The ratiu or nou-perental to parental typea is 6 : 9, 
which again :le net, significaat. 
It ia interesUng to note that Swithiea and 4i11r (1959) 
observed independent aegregation of genes at the transferrin locue 
and the genes controlling the heptuglobin types, also zone rea cell 
blood groups in man. They did not exclude linkage, however, but 
believed it to he very unlikely. The question of aseocietian and 
linkage between the red cell anLigens and the eerum typez of pigs 
ia oonsidered in the next and Meal section. 
YES FOR ASSOC ION AND LINKAGE D TWEEN r CELL ANTIGENS AND 
*Kai 
Independence of the genes controlling serum types and red 
cell antigens within the parent population were again tested in 
2 x 2 and 2 x n) contingency tables (Fisher, 1950). Exact proba- 
bilities were calculated for all the 2 x 2 tables, because they 
64 
contained values Isss than five. In the 2 x n tab1e expected 
values are given in parenthesis beside the observed figures. In 
those instances where deviations are apparent chi-squared values 
were not calculated, because they also contained values less than 
five. The agreement between observed and expected can be observed 
by inapection, however, where chi-values were not calcaated. 









AA ,Aï3 BB 
2(0.9) 3(4) 15(15) 20 
1 2 MBIRMII 
3 15 47 63 
AA A13 BB 
3(2.5) 13(10.6 36(38.8 52 
0 4 + 11 8.2 11 
3 13 47 63 
AA AB BB 
1(1) 3(4.) 16(15) 20 
2 2 10 
3 13 47 63 
AA AB BB 
2(2) 9(8.2) 29(30) 40 
i $ 18 1 2 
3 13 47 63 
AA AB BB 
1(0.5) 5(2) 4(7.4) 10 
22 6 




















3 4.7 63 
dB BH 
0(1) 4(4.7) 19(17) 23 
2 =8 28$ 0 
3 13 - 4.7 63 
The values given in the above table do not &how a signifies 
cant deviation from expected, and therefore no association can be 
found between the red cell antigens and transferrins. 
2. / 
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2. feet Por a3800iation between hatc; i amend red ce11 sntit ens t 










25 37 62 
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The probabilities indicate that haptoglobin is independent 
of the red cell antigens. 






















2 39 12 2 7 
+ 
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03 11 13 
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Totals 2 39 12. 2 7 62 
+ 
- 













Totals 2 39 12 2 7 62 
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Totals 2 39 12 2 7 62 
- 
Haem-bindin globulins 















2 39 111111111111 
2 7 62 













Totals 2 39 12 2 7 62 













Totals 39 12 2 62 





































2 39 2 7 62 
On inspection of the above tables an obvious discrepancy 
exists between the observed and expected figures in the cells for 
antigen Kb and haem-binding globulins, types 1 and 3. A discrepenc 
is also apparent between these types and antigens Ka and E. The 
possibility of the genes for these types being linked will be 
considered in the next section. 
/ 
. 191t Lo as sae .at3on betAeen caeruloplasmins s.nd red cell ._,rrr.rrArri r.rrr r .rrrnrri.r.r .nikeis: 
Antigen A 
+ 2 
K a ß 1f3 ß9 - - 
3 59 62 3 




P = 0.69 
Cu C u 
CU 
3 59 62 
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The probabilities indicate that there is no correlation 
between caeruloplasri ns and the red cell antigens. 
5. Test for association between am lases and red cell anti ens: 
Amylases 
smtals 










































































..... . -.-:.._ . -..::.- . :.. t..:._.._ 
àm3rlases 
Totals 
















. f . .......r 
62 Totals 



























The observed and expected figures in the above tables show 
good agreement indicating that no association could be found between 
amylases and red cell antigens. 
- 
6. Test for links.. between :enes for red cell anti ems an 
serum proteins: 
(a) The only serum protein component which showed association 
with some red cell antigens was the haem-binding globulin fraction. 
In the 2 x u tables, antigenic factor Kb showed a negative associ- 
ation with type 3 haem-binding globulin. To establish the possi- 
bility of linkage between the genes for haem-binding globulins and 
antigenic factor Kb, all the available double backoross matins 
involving these genes were investigated. The various families 
sbrIving backcross matings involving the different haem-binding 
globulin alleles and Kb are grouped together in Table 49 (i to iii)- 
Table 
(i) Mating Segregation of offspring 
d 






















Total observed 9 0 0 6 
No. expected 3.75 3.75 375 3.75 
= 15 for I d.f. . p = .001 
Mating 
....,w 
Segregation of offspring 
3 9 





































Total observed 11 1 0 a 
No. expected 5 3 5 5 
21, 
- 20 
= 16.4 for i d.f. 
2 
= .001 
Mating Segregation ot offspring 
















ist Family 1 0 0 i 
2nd " 2 0 0 3 
Total observed 3 0 0 4 
No. expected 1.75 1.75 1.75 1.75 
2 
L 4-, 7 for f d.f. . = Between .01 and .001 
There is significant evidence of linkage in the coupling 
1 
phase between haem-binding globulin alleles N°, H and H 2 and 
g g 
antigenic factor KB. me intensity of this linkage, where p is the 




eN3 in cou2ling 
2,93.4.4sitg. 
42 




Unfortunately no family data was available to confirm 
that the H 3 allele was in the repulsion phase with the KB allele. 
The statistical evidence for negative association, and the above 
data indicate that this is probably the case. In calculating the 
frequency of these types within the parent population on the basis 
of their phenotype frequencies, the expected number of animals 
eepearing as K 
b 
and H 3 positive were calculated:- 
K11 x N 3 x No. of animals 
frequencies 0.59 x 0.24. x 63 
On this basis, therefore, 9 animals were expected to be 
type K 
b 
and H positive, whereas in fact there was only one animal 3 
of this type. 
(b) The possibility of association between factor]Ca and the 
haem-binding globulin alleles was suggested by the above data and 
the 2 x n' table. Only one double backeross mating was available, 




Segregation of offspring 
0 9 
ell/H 11 x KAR/H /3 
No. observed 
No. expected 
KAailigl 3 KAIVH " Kas/Itg/ 3 
i 
Kea/Hell 
The segregation of genes within this small family was 
.ersosalnwomeap 
normal. 
(c) The only other antigenic factor showing deviation from 
expected within the 2 x n' table was factor Be. Families giving 
backeross / 
w É 1114, a! 
ba,ckcross matincs for three ha,emTbinr?,rg globulin alleles and the 
gene aro given in Table 51 (i to 
(i) Mating Segregation of offspring 
_.. _.. 
6 Q 

























No. observed 0 4. 5 3 
No. expected 2.5 2.5 2.5 2.5 
(d-4-3+W, 
104 
1,6 for 1 d,f. p = Between 0.3 to 0.2 
Mating Segregation of offspring 
ó 9 














1st Family 6 
, .. 
2 2 1 
No. expected 2.75 2.75 2.75 2.75 
= 0,8 for 1 d.f. 
e 11+5 - 






























No. expected 2.25 2.25 
= 
= 0.1 for 1 d.f. g = Between 0.8 to 0.7 
The distribution of offspring frombackeross matings 
1 2 
involving haemebinding globulin genes H , g an& H 
3 
with the 
g , g 
gene for antigenic factor le indicate that AO linkage was detectable 
DISCUSS;ON ON RESULTS:- 
Autosomal linkage between genes for red cell groups and 
Other marker genes has been widely investigated in man. Race and 
Sanger (1962) give a list of publications by various authors on 
this subject. None of these investigations have revealed linkage 
between serum protein markers and the red cell groups. Linnet- 
Jepson et al. (1958) showed independent segregation of the genes 
controlling haptoglobin, Gm groups and red cell blood groups: 
ABO., MNS., Rh., P, Lewis, Lutheran and Duffy. As quoted 
previously, Smithies and Hiller (1959) also found independent 
segregation of genes at the transferrin and haptoglobin loci, and 
the red cell blood groups: ABO., MNS., P and Rh. 
The findings in this investigation of close linkage 
between the haem-binding globulin locus and the K red cell antigen 
locus, therefore appears to be unique for any species. At one 
stage of the study of the different backoross matings, it was 
thought that K and H genes were alleles at a single locus. 
However, I 
i4Z 




the recombinant class dismisses this possibility. In the parent 
and offspring populations, four animals of similar type, that is Kb 
3 and H positive were found. The distribution of gametes in 
these animale which were either K(a b +) or K (a e b +) and 
H 3/H 3 means that the H gene must appear in both oases on the 
g g 
same chromosome with X 
b 
. These animals indicate that some crossing 
over must occur between the two loci, and confirms the appearance 
of the one recombinant in the double backoross matings. 
The question of whether the heem-binding globulins may 
be serum antigens which can cost the erythrocytes and thereby he 
related to the K antigens is also raised. It is known that the 
Lewis substance in man is absorbed from the serum on to the red 
cells (Sneath and Sneath, 1955), also that the J substance in 
cattle (Stormont, 1949); the R substance in sheep (Rendel, 1957) 
and the A substance in pige are water soluble substances absorbed 
on to the cells from the serum. None of these substances are 
antigenic however. 
Oudin (1960) has demonstrated serum allotypss in rabbits 
by injecting rabbit antibody-antigen complexes into other rabbits to 
produce several detectable precipitins, thereby demonstrating 
individual differences in gamma globulin antigens in rabbits. 
There is also evidence by the immunoelectrophoresis 
technique for f42-globulin (Gc) antigenic differences in human serum 
as shown by heteroimmunisation (Eirechfeld, 1959), and by iso- 
immunisation (Allinn and Blumberg, 1961). It has also been 
demonstrated by Bo Gahne (1962), that in two Guernsey cattle lacking 
the slow -globulin, when injected with cattle serum eertairing 




The fact that K and Kb antigens stimulate antibody by 
heteroimmunisation and isoimmunisation has been demonstrated in 
this dissertation and by Andresen (1962). It is also known from 
C ; recent communication with Hesselholt, that in combined work with 
Brumerstedt-Hansen, the four haptoglobins (i.e. haem-binding 
globulins O, 1, 2 and 3) he described have also been distinguished 
by immunoelectrophoresis against rabbit anti-pig serum. Therefore 
the hacm-binding globulins probably have antigenic properties, 
which are distinguishable. Whether a linkage of 2V between genes 
responsible for the synthesis of a serum component and a red cell 
antigen can have any bearing on a possible cross specificity 
between these factors is a challenging question. The present 
answer is equivocal, but the challenge is uneauivocal. 
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APPENDIX A AND B 
1 5'- - 
Appendix IA 
List of animals giving an antibody response after immunisation 
Keg- WB = Whole blood 
WC = Washed cells 
NK = Not known 

























late g i Haem. Antiglob. 
1 LW 9011 LW 9091 - WB i/ra 1 in. 16 - NT B 
e 
- 
2 LW 9493 LW 9280 - n " 1 in 128 - NT eTa - 
3 LW 9091 LW 8914 - " " i in 64. - NT Eb No. 2 
4 LW 8927 LW 1554 1 in 8 "" 1 in 256 - VT Ea 4. unknown No, 5 
5 LW 9011 LW 9091 1 in 1 it It 1 in 4 - NT Ee - 
6 W 3217 LW 8438 - " n <1 in 32 - NT Not known - 
7 W 3217 LW 84.02 " n 1 in I - NT t= n - 
8 W 3217 LW 8447 - " " <1 in 32 - NT " " - 
9 = W 1487 NK 2nd C.V.V. <1 in 8 - I in 16> 
ï 
" n 
10 - W 14-88 NI( 2nd. C.V.Y. 1 in 2 1 in 512> <1 in 64. " " No. 6 
11 LW 5048 W 5806 - WB i./'m. <1 in 16 - 1 in 16 if n 
12 to W 5807 - n n I in 8 - <I in 64 n U 
13 " W 6101 - if " <1 in 2 - <1 in 2 " " - 
14 n W 5871 - " " <1 in 2 NT NT " It - 
15 " W 5861 - n n 1 in. 2> " 1 in 27 n n 
16 " W 5862 - " " 1 in 2> " I in 64.> " n - 
17 it W 5863 n n <1 in 128 n n n n 
18 LW 7881 W 989 - 1CB & WC i/m <1 in 81 1 in 32> <1 in 128 " " No. 8&9 
19 " W 3220 - CB & WC I in 64. 1 in 4. 1 in 64 " n 
20 " W 3338 - In & WC <1 in 128 1 in 128 NT " n - 
_ _______ ,. 
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List of animals j'vin ë no antäbo res +on =e after immunisation 
No., No, of donor 
and breed 










, ,.......... . 
1 LW 8927 LW 8911+ - WB 3./m - E f 
2 LW 203 LW 262 - " - Kb 
3 LW 262 LW 203 - " - 
Na 
4 IN 1443 LW 1523 - " - Kb 
5 LW 3754 LW 3727 " - Ja 
6 LW 3760 LW 3980 - " - H 
a 
7 LW 6291 LW 6629 - " - 
Na,/a 
8 LW 1859 LW 3760 - " - Ef 
9 LW 564 LW 3754 - " - Ga j 
10 LW 5048 W 5870 - vr .- NK 
11 " W 5852 - 11 - lYÏS, 
12 " w 6008 - f! NK 
13 " W 6138 - " - NK 
14 " W 6139 - " - NK 
15 LW 4907 Lw 4731 - WB+' Grill. R - ja 
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Appendix B 
(i) Fractionation of Antiserum No. 1: The sera from three pairs 
of monozygous cattle twins known to contain J antibody were tested 
against known J positive cells. The results of a haemolytic test 
are shown below:- 
j -we cells 
1 in 1 2 
Dilutions of sera 
4 8 16 32 64 SC C'C 
Sera 
NZ 111B 5 5 2 - - - - - - MZ 252 A 
t s 
5 5 5 5 2 - - - - 
ti B 
It 5 5 5 - - - - - - MB 243 A 
It 
5 5 5 - - - - - - " B 
" 5 5 5 5 3 - - - - LIZ 2141-1 
" 5 5 5 5 5 4 3 - - n 21 
,mg. UVA 5 5 5 5 5 el 
As MZ 206B serum had the highest titre, it was selected 
for testing against pig cells. 
Six unknown pig cells were tested against this serum in 
a haemolytic test:- 
Pig cells 
1 in 1 2 
Dilutions of MZ 206B serum 
4 8 16 32 64 128 256 512 SC C'C 
No. i 4 4.31 1 - - - - - - - 
ti 2 4 4.32 1 1 - - 
H 3 
5 5 5 5 5 5 5 4 3 1 - - 
n4. 
5 5 5 5 5 5 5 4 2 1 - - 
5 
4 4.32 1 1 - - - - - - 
et 6 4 4.32 1 . - - - - - - 
A matrix analysis was then carried out with these cells:- 
- 159 - 
Test c;ial.s 
NZ 206B absorbed with cells 
..... 










- AND aes. 
4.3 43 - - 42 
4.1 4-2 m - . 41 
® - - - 
ceD - - - 
A - - A 





Cell No. 5 was selected to resove the species antibody 
at an absorption ratio of 1 to 1. 
YZ 206B serums absorbed pig 5 cells was then tested against 








Dilutions of MZ 206B absorbed pig 5 cells 
1 in 1 2 4 8 16 32 64 128 256 512 SC C'C 
5 5 5 5 5 5 5 4 --- 
5 5 5 5 5 5 5 4 3--- 
- - r 
- - r r r r - - 
- - - - - - - - - - - - 
.110 410 015, 111113 IWO 41* 
As it was believed that all the negative reacting pigs did 
not have A antigen on their cells, then it was possible that they h 
anti A in their serum. To test this hypothesis, then all twelve 
cells were tested against each serum in a direct agglutination test. 
The individual scores are given : - 
= i 
Test Cells 
PI P2 P3 P4 P5 P6 P7 PE) P9 P10 PII P12 
P1 e ii 4,' at 
P2 
(A) P3 7 4 0; 3 3 4. 4. 3 2 
(A) P4 6 1 1 1 4. 3 5 1 1 
P5 . 5 
P6 . o . 
(A) P7 4 3 33.035 3 3 
(A) Pa 3 2 o 3 3 3 5 3 2 
P9 . to e to 
PIO . 0 
Pli o e * 
P12 . 4 
4. 
This confirmed the findings with MZ 206B serum, in that 
only the negative pigs showed antibody against the A positive pigs. 
The serum from pig No. 10 showed an additional antibody to anti-A, 
because it also reacted with two A negative cells. The titre of 
anti-A found in the pig sera did not compare favourably with that of 
MZ 206B, and consequently the latter was selected for detecting the 
A antigen on pig cells. 
The results of testing against cells from the known 
reference panel are given on page O. 
To further test the unity of MZ 206B serum absorbed pig 5 
cells, a further panel of ten positive cells were tested in a matrix 
analysis along with a known A positive cell. All the cells showed 
a negative reaction with the absorbed aliquots, thus confirming the 
specificity of the antibody. 
(ii) / 
-161 * 
(u) m N actionation of Antiseruó_, 2: The first matrix analysis 
includes four unknown positive cells with the donor cells and one 
negative cell:- 
(Scores for 1 in 2 dilutions of antiserum) 
Test cells 
AP 8914 antiserum absorbed with cells 








- - - 20 
- - - 22 - - 




- - - 22 - - 22 










Proposed antibodies in serum. 
This analysis indicated that the antiserum was homogenous. 
To confirm the antibody content another matrix analysis using ten 
cells of the reference panel including the donor and the recipient 
was completed : - 
Test cells 
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(Scores for 1 in 2 dilutions of antiserum) 






















* a a 
19 19 20 20 19 21 20 21 
a o a o 
0 
s e a 
o o e 0 I 
0 e e 
22 20 20 22 23 20 21 22 




(iii) Fractionation of Antiserumaas..1; As explained in the text, 
thi3 antisertua was produced by immunisation of six rabbits with 
washed cells from sow 203, which carried antigen K. Each rabbit 
antiserum was then absorbed with sow 262 cells, at different absorp- 
tion ratios. The absorbing cells were K. negative. Each absorbed 
aliquot was then tested back against these two cells as shown 
overleaf: - 
.163- 
(Score for 1 in 2 dilutions of antiserum) 





1:1 1:4 1:6 1:8 1:10 
Rabbit 
Antiserum 
203 (D) 13 13 12 13 12 9 R112 
262 11 8 3 1 
203 
) R 114 
262 2 - ) 
203 (D ) 3 - - - 1 R 90 
262 3 - - .. - ) 
203 (D) 9 3 1 - u° i R 130 
262 5 2 . - - ) 
203 (D) 21 20 21 20 19 
)) R 132 
262 5 2 .... * ... ') 
203 (D) 5 2 - f 
) R 134. 
262 5 2 - - 
1 ) 
On the basis of the above test, rabbit antiserum 114 was 
selected and absorbed with cells 262 at an absorption ratio of four 
volumes of cells to one volume of serum. The absorbed antiserum 
was then tested against four cells of the reference panel, of which 
cells 262 were included as a control, because this was the only 
source of Kt negative cells at that time. 
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(1 in 2 dilutions of antiserum) 
Test cells 
R 114 absorbed with cello 
----- Antigens 
8914 9091 9011 8927 Donor 262 
8914 - - - . 24 Kb 
9091 - - . - - 22 Kb 
9011 - - - . - 20 Kb 
8927 - - - . - 24 N.13 
Donor - - - - - 23 Kb 
262 - -. .. - - - 
- - - . 
---....- 
Antibodies 
It was later shown that testing R 114 antiserum @ 262 cells 
against random cells did not give a clear qualitative reaction, and 
it was subsequently found that this antiserum required further 
fractionation. The antiserum was tested against twenty- unknown 
cells, seventeen of which gave haemolytic scores ranging from 23 to 
25, and three cells gave haemolytic scores of 11 to 13. One of the 
low scoring cells was selected for absorbing the R 114 @ 262 anti- 
serum. On testing the absorbed aliquots against all other cells 
used previously, antibodies were removed completely for the low 
scoring cells and left for the seventeen high scoring cells. 
Further absorption with each of the seventeen cells showed that the 
absorbed antiserum could not be fractionated any further. 
(iv) Fractionation of Antiserum Na. 0 This antiserum was obtained 




and Eb. Each rabbit antiserum was then absorbed with 
1523 cells at different absorption ratios. The absorbing cells 
re / 
165 - 
were 1t, positive and Ka negative. Each absorbed aliquot was then 
tested back against 1443 and 1523 cells as shown in the table below:- 
(Scores for 1 in 2 dilutions of antiserum) 






Antiserum @ 1523 
1:2 1:4 1:6 1:8 
1443 (D) 22 23 23 20 ) 
1523 3 - - - ) 
144.3(D) - - . - 
- 
, 







1443 (D) 16 17 18 15 ) R 96 
1523 11 5 - - ) 
73777-7-771 ii"--n-";"-TT-Ì"-Nit 98 
1,23 15 7 - - ) 
1443 (D) 22 25 23 22 ) 
) R 108 
1523 5 - - - ) 
-----------r.---------- 
1443 (D) 25 25 22 23 
) 
) R 128 
1523 5 3 - ) 
Several rabbits' antisera appeared equally effective for 
the possible detection of Ka. Antiserum R 108 was selected for 
further fractionation after absorption with cells 1523 at a 1 in 4. 
ratio. An absorbed aliquot was then tested against six cells of 
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R 108 @ 1523 cells in dilutions of 





5 5 5 




5 OM ere K, 
Kb 
Aliquots of R 108 @ 1523 antiserum were then absorbed 
with. each cell of the reference panel including the donor and 
tested back in a matrix analysis:- 
Test 
cells 
R 108 (.. 1523 absorbed with 
Antigens Cells 
203 262 9091 8914 1443 1523 
203 - - - - - 
262 - - . - 
9091 - - - - - - K 
b 
891+ 23 25 25 - - 25 
Ka' Kb 
1443 (D) 22 24 23 - - 23 Ka, Kb 










(F) allI12111.2211212EAUILE95.22A: Obtained from Pig 1554 
after immunisation with whole blood from pig 8927. In the first 
matrix analysis, ten unknown positive cells plus the donor and one 
known cell are included in the analysis:- 
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(Scores for 1 in 2 dilutions) 
Agglutination reaction, two hours at room temperature 
Test oells,0 
.........m 







co 0. o ,- (.1 -4 "I -- T- -. 'V' \-- Pi 
C''. 0 r-I 
tio Crì 0 0 
1-1 :..-. 7.- I.: r. = = = = C\1 o (ll 
Pig 6 -- - 2d 29 29 .y. 30 28 29 - 28 E 
a 
" 7 12 - 13 27 26 28 11 ' 27 27 26 13 26 E 
AI 
E.,,, 
It 3 - ... 28 28 25 28 29 29 - 28 II - 
a 
" 9 10 - 11 ,... .. -10 - - 10 11 - Eb 
" 10 10 ., 9 .10 - - - il 11 - Eb 
" 11 10 - 9, .0 , op 9 - . - 9,10 - Eb 
12 - - 27 2627 27 26 28 .., 27 E 
a 
.., 
' 14 12 - 12 . . 11 - . - 13 13 - Eb 
16 11 10 - ... oi, 11 4. . -1213 -E, 
6291 11 11 * 11 ... - 11 11 - Eb 
Donor - . - 30 28 31 - 29 30 29 - 30 
Recipient - . . ,i° 
- a a a a a a 
. b - b - - - b b 
Proposed antibodies 
It was apparent from this matrix analysis that serum 155k 
must have contained au antibody prior to immunisation with 8927 
cells. The pre-immunisation reaction between 8927 cells and 1554 
serum was negative. To test the possibility of this other antibody 
being anti-Eb, all the cells in the above matrix were tested against 
No. 2 antiserum (i.e. Anti Et), Cells Nos. 7, 9, 10, il, 14, 16 
and 6291 were all positive, and the remainder were negative. Anti- 
serum B3-1554 was therefore absorbed with A4-6291 cells to remove 
the Eb antibody, 
On I 
.168- 
On testing against seven cells in the reference panel, 
this absorbed antiserum reacted with three E positive cells and 
a 
was negative to four E negative cells. Absorption end matrix 
a 
analysis appeared to confirm the unity of this reaction. Subsequ., 
ently, however, on typing celln from three Wessex 60WS, No. 389 
rave a partial reaction, which suggested a further antibody. 
Absorption with these cells removed this antibody and still left 
antibody fob type Ea eel's. A further matrix analysis involving 
eight cells of the reference panel indicated that antiserum B3-1954. 
@ 6291 @ 989 cells could not be broken down any further. 
(vi) "...tes....tioina,ioxi2LAntisennumNo.: This antiserum was Obtained 
from ono of naverel lensex sows investigated for presence of anti- 
body 14 days after the secon6 third injection of crystal viol3t 
vaccine. Antiserum 1488 contained a strong acting haeaoiysin 
giving titres beyond 1 in 1024 using rabbit complement. This 
haenolysin appeared to be epecific for one antigenic factor as can 
be shown from the matrix below. Ton positive unknown cells and one 
known reference cell were used in this analysis:- 
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(Scores for 1 in 2 allutions) 





.... ---............ ..............- 




--H N-- 40 
0 Ol H 
L) CO 




8914 - - - - 5 47 . a b 
Pig 1 - - - - 5 - - . - . . 47 a b 
n 2 - es. re - 5 - 1011 Si So S - .4.1 a b 
n 
3 - - - .. 2 50 a b 
iff 7 - 52 a 
n 8 - a b 
" 12 - - - - 5 . . - - 48 a b 
n 13 - - - - 6 - 48 a 1M 
IT 1 4 
.. " 141. aes .' 4 ii " ,1 b 
" 16 - . - 2 . -- - . - 47 a b 
n 19 . _ . - 4 49 a b 
1488 - - - 
. .. - .. 





The titre of the weak antibody did not extent beyond a 
dilution of 1 in 4. Therefore it was decided to use antiserum 
W 1488 at titres starting above this dilution, so that the minor 
reaction would be avoided. On testing W 1488 antiserum against 
known cells of the reference panel only, four cells out of thirteen 
different bloods gave a positive reaction. It was apparent that 
these four cells had the factor K a 
in common. As Antiserum No. 4 
was used to identify antigenic factor %6, the two antisera were 
used in parallel against a considerable number of cells from differ- 
ent animals. In every case without exception in testing over 400 
bloods, the positive and negative reactions to time molls were 
exactly 
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exactly similar for both antisera. It was therefore concluded 
that antiserum W 1488 was capable of detecting antigenic factor ita. 
(vii) Practianation of Antiserum No. S: Wessex sow 989 wee 
immunised with cells froiu bOd S 7831, the only animal in the refer- 
ence panel to have factor Pa. As the blood type of Wessex sow 989 
was not known, there was no way of forecasting what the antiserum 
would contain apart from all the known antigens on 3 7881 cells, 
which was unlikely. In tha first matrix analysi6, eleven unknown 
positive reacting cells plus six from the reference panel including 
the donor and recipient were involved. Two of the reference panel 
cells were includea, becsause they were neN.tivc to the antiserum, 
ana rere used a: a check on the potential antibodies present:- 
Test 
cells 
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(agglutination score for 1 in 3 dilutions) 
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10 10 - -10 10 -11 9 
11 10 10 - 10 10 10 10 10 11 10 11 10 11 10 
2 - 2 2 
10 10 2 2 10 10 - 10 10 
10 10 2 G 10 e 10 - 10 10 
10 10 2 2 10 -- .. - - 11 - 11 10 
10 10 2 2 10 11 - 11 10 
10 10 2 2 10 - - - - - 10 - 10 10 
10 10 2 2 10 10 - 10 y- 







Ea Rb -X 
- - - X - 
-Eb -XY 
-Eb -X Y 
- X Y 
.F Y- , 
,{!`_ ' Y - 1 
- 
Lb 
- X Y 
- 10 
9 9 11 -10 9101G11101011111í -1011 
7 17 17 17 17 17 17 17 17 17 17 18 17 18 15 - 18 
Ea a 
- X Y 
- - Ee Ef 
- M - 
Fa X Y Ee 
- 
w a a a a a a a a a a a a - a, a 
b b - - b b- b b- b 
F F F F F v r r T r x i ,, z, - F a a a a, a a a a a a a a a 
v 
s a a 
X -X X - X 
Y - Y Y - Y - Y Y Y 
Proposed antibodies 
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it appeared froti this matrix that W 989 antiserum had an 
antibody present, which was not induced by S 7884 cells. iT 
absorbing with a saixture of pî ,o 9 and 11 oe113, antibody was still 
left exclusively for S 7361 cells, also or the unknown antibody. 
Another matrix analysis was carried out invo17ing four unknown 
positive cells, also the donor and. U914 cells atainst. W 969 anti- 
serum absorbed pigs 9 ano 11 cells:. 
(Asglaination score for 1 in 3 dilutions) 
. ,OWYOWWOVWWWoroOWWwwwoow*WwwWYNOWOosSOWOolOWOWOOWWWwWW. 
VI 989 40 9 and 11 e. with cells 
Test°Gill; wwww,,,oao.,-...oftwopiwoowcw,g000mowoor.o 




































From this matrix analysis W 989 antiserum absorbed 9 and 
11 cells, also absorbed pig 21 wells was used for detecting anti- 
ani° factor Fa. 
re._.aactiontim.pLA.akt.zc2Bjia&2: The last matrix analysis, 
also indicated that an antibody was present for oharactor Ea. 
Therefore Vi 989 antiserum absorbed cells 9 and 11, also absorbed 
pig 22 cells was used as au additional antibody for the detection of 
factor E 
a' 
It is shown in the text, that this antibody gave 
identical results to Antiserum No. 5. 
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(ix) Fractionation of /Antiserum <o. 10: In the first matrix 
analysis, eight positive reacting cells from the reference panel_ 
ir:.cluding the donor, also the recipient wore involved. from this 
analysis it appeared that three antibodies were present:- 













, 9091 antiserum absorbed with cells 
Donor L731 1859 255 2? `451 1557 563 Recipient 
Liitbens 
proposed 
- 11 11 - "i1 12 
- - - - - 12 
- - - - - 12 
- 12 12 11 14 
- - - - 12 
- 11 11 - 11 14 
w i`I 10 - 11 (kj- 
G. G. 
.. ...._..,.. 
- G G 
411111. 
E G H 
E - H 
H - H 
G :[i 
- i 
- - H 
H G H 
E G- I1 
G 
w - ií 
..,...,...,,-...:m... .....R,..._,..-.... 
Antibodies proposed 
As anti E and G could not be divided by any member of this 
panel, the 9091 antiserum was absorbed with 84.57 cells to remove the 
partial reacting antibody to H. The absorbed serum was then 
fractionated further by four positive reacting cells plus two members 
of the above panel and the donor and recipient : - 




VT, 9091 antiserum 08457 @ with 
4................... Antigens 
7582 7704.. 7707 7892 1557 563 Donor Recipient 
7582 - 6 - 7 . - - 6 
7704. 9 - 9 - - 11 E - 
7707 elb 6 - 6 OS NO MO 7 - 0 ..,. 
7892 9 . 10 - - - . 8 E - 
1557 10 7 10 8 - - - 11 E G 
563 10 7 9 8 - - 11 E G 
Donor 12 8 11 9 - - - 12 E G 
Recipi=t ... - - - OP IMP fto 4.* .... 
V - s - - . . 
..' 




From thl.s analysis, rolls fruit pig 7707 were selected to 
absorb antiserum WL 9091 absorbed 84,57 cells This left an anti*, 
body Which reacted. with seven positive Ee cells from the reference 
panel, Absorption with these cells deonstrated that the antibody 
isolated was specifie and unit, Thin antibody was called Antiserum 
No 10. 
(x) Fracti4nation of The brealcduwn of the anti- 
serum frau which this antibody was derived is fully explained .i the 
text. 
(xi) Eractj......onatiox....26,2,LN16.2.: During the fractionation or 
Antiserum No 11 t3 explained in the text, another antibody was 
isolated. This was obtained by absorbing antiserum 254. with cells 
from pig Nos. 6457 and 262, then with 4731. Aliquots of the 
absorbed serum were further absorbed with six positive actin cells, 
also the donor and recipient, and tested back in another matrix 
analysis:- 




254 5 8457 262 ana T3 6 @ 
Antigens 
Donor Pig 2?ig 3 Pig 5 Pig 6 Pig 9Pig 10 Recip. 
. ,.-r..... .... 
Donor - 2 10 11 2 - 11 12 X Y Z 









.. ` ., 









n 6 - - 8 9 - - 10 10 X Y- 
It 9 - 2 9 11 2 - 10 1,1 .i: *I Z 
* lo ,. 1 - .. 2 - - 3 - Y Z 
:Recipient - .. - - - - - - - - .. 
- - X X - - X X 
- Y - - -- - - 
- T r - - '7 
q..r. .. . . . . .. ....M. 
Antibodies 
.A...y---pyq 
rs . - - -wbFn.!Xllf11!'. M1!?'lM+.+f.Rr+F..M/C'YO`-y+M-^MY. 
.Antiserum 254 absorbed 84.57, 262 and 4.731 cells was 
therefore absorbed farther with a misture of cells < o:i pigs 3, 5 
and 10, thus 2eavint, an antibody fore factor X. 
(xii) r Fa.....2t.. f °ttisc is : In the first matrix 
analysis of A4- 8457 antiserum, seven positive cells plus the donor, 
and ona neg`tf *e cell plus tae recipient WGro Included. All cells 





(Snort for agglutination at i ia 3 dilutions). 
14-8457 antiserum absorbed with cells. 
















- 11 10 10 - 11 E G . 
- 11 - - - 11 E - . 
11 5 9 - 12 E G - 
- 10 b 9 - 11 E G 
fro 1117.0 
- 5 5 if 6 - 6 5 7 - 
- - - o - - i ., 









- X X 
Insmawspipp=4.0160.111010.4. 
Antibodies 
Yrom this ex 
vandftworamelilaW 
7ris appoared that absorption with 1859 
cells would leave an antibody against antigen G . On doing this and 
further absorption analysis within the reference pancl, a spec4fio 
antibody for G 
e 
appeared tobe left. rJN, oomrlete the lysis, 
twenty unknown cells from a wide ,,election of animals were tested 
against 84.57 antiserum absorbed 1859 cells. Only tour positive 
animsls were founa ana on absorbing the antisertn with these cells, 
also the four positive Ga cells from the reference panel and testing 
back in a matrix analysis, confirmed t!,s mnit specificity of th5s 
antibody. 
(xiii) Ljke Antiserum No. 13, 
the antibody isolated ar incomplete aggll:tinir. In the 11/P1 
XractiQaation, six auluals from the reference panel including the 
donor and recipient wore included ih the Latri7: anFjysio:- 
p. 
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uti.nin score for 1 in 3 dilutions) 
Test 
cells 





255 8250 3984. Recip. 
Donor - 3 2 - 8 11 G K 
254 - - - - 7 10 G - 
255 - p - 8 11 G- 
8250 - G 2 8 9 G K 
3154 - á 3 - - 2 - R 
Recipient - - - - .. - 
- - - - n ïX' t7 i7 
- K K - - K 
. . .....e. 
Antibodies 
7.- -. r..r.r...... 
Antiserum TH 262 was absorbed with 'äf 31$4 cells, and this 
absorbed antiserum was tested L sait six po iti L' cells sgleet `d 
from twenty unIcnown calls plus the donor in a further matrix 
analysis. The analysis showed that antiserum TH 262 absorbed 
IT 3184 cells appeared to contain only one antibody, which could not 
be fractionated by further absorption. 
